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EDITOR'S NOTE 


The series of Institute Papers has included among its titles a number 
of regional accounts of forest types. It is pleasing to be able to extend 
the scope by publishing Dr. Whitmore's account of forests on islands in 
the south-west Pacific with its novel data on dynamic change. 

The Government of the British Solomon Islands Protectorate have 
generously financed the printing of this report and thus have contributed 
significantly to the dissemination of the results of the investigation in a 
way which will benefit a wide audience of ecologists and foresters. 
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SUMMARY 


This report describes observations made in the lowland tropical rain 
forest of the British Solomon Islands, principally on the island of 
Kolombangara. : 

intensive observations on 33acres (13.7ha) of plots on. Kolombangara 
are set into a background of more superficial studies in primary and 
secondary forest and in plantations elsewhere on the island and in the 
Protectorate at large. Brief consideration is given to similar forests on 
Bougainville (the largest of the Solomon archipelago but politically dis- 
tinét as part of Papua—New Guinea) and in Micronesia. 

The studies on Kolombangara were aimed firstly to elucidate species 
associations, ‘forest types’, whose status and inter-relationships were 
then studied. 

The main floristic studies have been reported in detail elsewhere 
(Greig-Smith, Austin & Whitmore 1967) and form the starting point for 
the investigation of the status of the forest types in this report. This has 
been attempted by continual observation of the populations of twelve 
common big.tree species on the sample plots for a period of 6.6yr from 
August 1964 to February 1971. The Solomons' forests are poor in 
species and the twelve selected tree species make up a high proportion 
of the main upper part of the canopy of the lowland rain forest; all the 
important hardwood timber species of the Protectorate are included 
(Whitmore 1966, 1969). Analysis of the observations, especially in 
relation to behaviour of the populations after a cyclone which struck 
Kolombangara and seriously damaged the forest canopy on 34.5percent 
of the plot area 3.3yr after the study began, has enabled a picture to be 
built up of the ecological strategy by which the different species maintain 
their presence in the forests. Four groups of species can be recognised, 
ranging from those which reproduce and maintain themselves within high 
forest to those which can only establish seedlings and grow up into 
trees in extensive gaps in the high forest canopy. Between the two ex- 
tremes are species which require gaps to varying degrees. 

The distribution of the twelve species between the forest types makes 
it clear that the representation of species with different strategies 
differs. The forest types fall into two main floristically dissimilar groups 
which are substantially different in the abundance of gap-requiring 
species. It is suggested that the amount, extent and timing of canopy 
destruction in the past is the ecological factor responsible for these 
differences, and that disturbance, probably due to cyclones, is the main 
ecological factor in the lowland rain forest of Kolombangara, and prob- 
ably elsewhere in the British Solomons. 

More subtle differences between forest types are due to smaller differ- 
ences in the ecological strategies of the different species. The population 
studies have shown differences which operate at the stages of dispersal, 
seedling establishment or upwards growth of seedlings into trees. 

Aubréville’s mosaic theory of regeneration is seen to be an over- 
simplification, as has already been demonstrated for northern South 
America and Nigeria. 

Studies on spatial variaticn in forests of the lowland humid tropics 
are briefly reviewed in the light of the present stud:es, and variation 
ascribed to a few major causes. 


1. INTRODUCTION 


These studies were undertaken partly to provide a scientific back- 
ground for practical forestry in the British Solomon Islands. At the time 
they were initiated in 1964 very little was known either about the syn- 
ecology of lowland rain forest or about the autecology of individual species. 
The interim results which have already become available have made a 
substantial contribution to the present state of our knowledge of these 
matters. The other and more ambitious aim has been to make a contri- 
bution towards the elucidation of two main problems concerned with the 
nature of lowland tropical rain forest. Firstly, there has been a great 
deal of interest in the extent to which discrete associations of species 
can be recognised within species-rich lowland tropical rain forest and on 
the extent to which the distribution of species associations, or single 
species, are correlated with site factors. The second problem is the 
mechanism whereby such species-rich plant communities perpetuate 
themselves and whether they remain of constant composition at any one 
place over a long period of time., It was suggested by Aubréville (1938) 
from his extensive knowledge of African rain forests, that the observed 
pattern of floristic variation from place to place in species-rich tropical 
rain forest is perpetuated by variation in species composition in time at 
any one spot. This has become known as the Mosaic or Cyclical Theory 
of regeneration (Richards 1952, p.49) and has generated. considerable 
intcrest. It cannot be directly investigated by a single set of observations 
as itis necessary to have repeated measurements in order to build up a 
picture of any changes which are taking place. Few studies have. been 
made on these lines. 

The present investigation provides a résumé of a phytosociological 
analysis of the trees growing on 33acres (13.7ha) of sample plots on 
Kolombangara island which has already been published elsewhere 
(Greig-Smith, Austin & Whitmore 1967). Modern numerical techniques 
were used and led to the recognition of floristically different forest 
types. Analyses of forest survey data from extensive tracts on several 
islands including Kolombangara itself, and using the same methods, are 
presented to elucidate the extent to which the types are representative 
of Solomons’ forests generally. 

The main part of the present paper is the analysis of the dynamics of 
the forest types. In the British Solomon Islands only twelve tree species 
make up most of the top canopy of the lowland rain forest (Whitmore 
1966). The method adopted is to investigate the changes in time of the 
populations of these twelve species on the 33acres of sample plots, 
especially with respect to a cyclone which damaged part of the area 
half way through the 6.6yr period of observation. It is possible to 
show that different species react differently to gaps in the forest. canopy. 

The twelve species studied differ in frequency between the forest 
types already defined. It is possible to suggest the past canopy conditions 
which have led to the present species compositions of the forest types 
and the conditions which will be necessary to perpetuate them. It is also 
possible to indicate some other differences in species' behaviour which 
result in lesser differences between forest types. Aubréville's mosaic 
theory of regeneration is then assessed. Finally, the various kinds of 
'variation in species composition are compared with findings in rain 
forests elsewhere. 
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2. FOREST TYPES ON KOLOMBANGARA 


2.1 INTRODUCTION 


Kolombangara Island lies at 157°E, 89S towards the western end of 
the New Georgia Islands of the Solomon archipelago. 

The island is an extinct Pleistocene volcano and retains the crater rim 
more or less intact. It is almost circular in outline and almost perfectly 
symmetrical in relief, only interrupted by a subsidiary volcanic focus, 
Beacon Hill, in the south-west. The main volcano is composed of olivine 
pyroxene basalt, and Beacon Hill is composed of hornblende andesite 
(Thompson & Hackman 1969). There is a very narrow belt of Recent 
coral reef limestone, about imile (0.4km) wide, round the coast. 
Shoulder Hill on the north-east is a minor interruption to the regular 
relief; there is an outwards bulge in the coastline towards the south-east 
due to extensive mud flows, and in this region there is a more extensive 
gently sloping region than elsewhere. 

Kolombangara is about 18miles (32km) across, the crater rim is about 
4miles (6.5km) across (Fig. 2.11). The land rises from the coast in a gentle 
slope which steepens inland towards the crater rim, reached at 4900- 
5400ft (1420-1580m). Drainage is radial and the topography shows a 
series of fairly broad ridges, narrowing inland, and of steep-sided narrow 
valleys, generally about 100ft (30m) deep. On the north and north-east 
coasts the ridges are broader than elsewhere. The crater drains to the 
Scuth-east. 

Just under three-quarters of the island is on 999yr occupation licence 
to the Lever organisation. The south-west quadrant is under local 
ownership, except for one small lease to the Seventh Day Adventist 
mission at Kukundu on the west coast. The main present day villages 
are in the south-west section; there are a few small coastal settlements 
on the north, e.g. at Lodomae and Rei Cove and a small settlement on 
the north-west at Mounga where a sawmill worked for 20 or so years 
to 1970, and where there is now a Catholic rural training centre. Present 
day villages and cultivation are more or less restricted to the coast but 
inland on the Beacon Hill ridge, there are traces of old fortified villages 
with complex irrigation systems, which have recently been investigated 
by an archaeologist (D. Yeo, unpublished). Stone foundations of former 
habitations were found several miles inland on Shoulder Hill during the 
1964 forest survey. Since 1968 Levers have been extracting timber on a 
large scale for export as logs, mainly to Japan, based on a camp at Ringi 
Cove on the south coast. By late 1972 the forests between Dolo Cove and 
Bosua Point had been more or less clear-felled by this operation. In 
these forests, species-poor by comparison with most tropical rain 
forests, nearly the entire upper canopy is removed, leaving very little 
residual timber standing. 


2.2 DATA 
Two forest surveys have been made of Kolombangara. During late 
1962 and early.1963 W. R. Evans made enumerations for Levers which 
covered about 9percent of the area of forest within 5miles (8km) of the 
coast. This was followed in 1964 by a more detailed survey, the Kolom- 
bangara Ecological Survey, of 22 plots of 1.5acres (0.625ha) each, on the 
TThe figures are to be found at the end of the paper. 
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west and north sides of the island, made by the writer as forest botanist. 
The plots have been kept under continual observation by Forest Depart- 
ment silvicultural staff, and the bulk of this report is an analysis of 
observations made over a 6.6yr period, until 1971. 


2.21 Evans's survey 


Kolombangara was treated as a circle and divided into ten sectors of 
36degrees of arc each. A position was chosen at random on the circum- 
ference within each sector, the place located on the coast, a camp 
established, and an access line cut up along the nearest ridge radially 
towards the crater rim; see Fig. 2.1. The direction of these access lines 
was changed slightly if necessary to keep them along the ridge crest. 
The access line was divided into half mile (800m) sections and a point 
chosen at random within each. A pair of sampling lines normal to the 
access line was. cut at each point, and running across the ridges and 
valleys, sampled the forest on both. About ten pairs of sampling lines 
were cut on each of the ten access lines, and each sampling line con- 
tinued for up to about 40chains (800m), until a major valley was 
reached. 

The sample transect was 2chains (39.6m) wide, centred on the line, 
all trees > 6ft (1.8m) girth were enumerated in 1ft (0.3m) classes and 
identified to species or species group. Streams and general. physiognomy 
of the forest and the altitude every 2chains (corrected for slope) were 
all noted. 

Species identifiication was not so accurate as in later surveys because 
Evans was working before a thorough botanical investigation had been 
made of the Solomons’ tree flora. The most serious consequence of this 
is that amongst the big trees individual species were not distinguished in 
Calophyllum and Parinari (including Maranthes). Evans enumerated a 
total of 11,028 trees on 1121.8acres (469ha): 9.9 trees/acre, 4.1/ha. 
Table 2.1 gives further details. 


TABLE 2.1 


Summary of Evan's Kolombangara survey 


altitude numberof total total 96 0 
top pair pairs of length number trees 
of lines lines (chains) of trees — not 
place (ft) named 
Shoulder Hill (NE) 2200 9 472 882 13 
Bosua Point (E) 1780 10 527 ` 963 7.6 
Bambari (E) 1114 9 520 1245 1.0 
Bat Harbour (SE) 1200 12 611 1257 33 
Ringi Cove (S) 755 12 471 890 33 
Dolo Cove (S) 1400 13 669 1067 ? 
Merusu (W) 1370 9 571 1329 2.0 
Sandfly Harbour (W) 1200 10 575 1147 ? 
Rei Cove (N) 1980 10 612 1032 3.6 
Lodomae (N) . 1650 10 641 1272 2 
Grand totals 5609 11084 


2.22 The detailed survey 


Twenty-two plots were chosen on the five northern and western of 
Evans's lines; they were located to cover the range of forest types 
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recognisable by inspection of Evans's enumeration data and to cover the 
full altitudinal range of lowland forest, yet also to be within reasonable 
distance of each other because of the difficulties of travel. Within each 
type plots were located on plateaux or ridge-crests, on hillsides and in 
valleys, and aligned to be internally of homogeneous relief type. There 
was no other deliberate selection of plots. Each plot was 5 x 3chains 
(99 x 59.4m; l.5acres, 0.625ha) and was divided for enumeration into 
sub-plots of 1 square chain each, i.e. 0.lacre (0.042ha). 

All trees > lft (0.3m) g.b.h. (girth at breast height or above buttress) 
were enumerated and identified, a high proportion to a species. A total of 
5858 trees belonging to 172 species or species groups was recorded, an 
average of 177 stems per acre. Detailed observations were made on the 
dependent synusiae of epiphytes and climbers, and representative profiles 
of the forest were recorded at selected sites. At the same time measure- 
ments were initiated on all individuals of the twelve common big tree 
species, these are described in detail in section 6.1 and chapter 7. 


2.3 METHODS OF ANALYSIS 


In analysing survey data from mixed-species forest for ecological 
purposes the problem immediately arises of attempting to discover which 
species, if any, are regularly associated with each other, and the richer 
the mixture the more complex the problem becomes, especially as in- 
creasing richness tends to. be correlated with decreasing dominance of 
one or a few species. In the case of tropical rain forests the problem is at 
its most acute, and there has been great controversy and continual dis- 
cussion on the nature of the community or communities in them. Ecolo- 
gists of the Anglo-American school have got no further than recognising 
association segregates or (single species) consociations, localised recog- 
nisable communities within an undifferentiated whole. The concepts of 
continental phytosociology have proved very difficult to apply, and few 
successful attempts have been made. To name such species-rich forest 
after one or a few species as Heyligers did for Bougainville, for example, 
is likely to be very misleading (Heyligers 1967). 

In essence, of course, the problems are similar to those posed by any 
species-rich community, but in the case of forests they are worse than 
in herb communities because of the large size of the plants, which intro- 
duces problems of recording an adequate sample, of the identification of 
species, and of plant size relative to environmental variation. 

A new impetus to such phytosociological studies has been given in 
recent years by the development of modern numerical methods of com- 
munity analysis, using digital computers. These methods were developed 
to deal with temperate, mainly herbaceous vegetation. The Solomons' 
data were investigated at University College of North Wales, Bangor, as 
part of a study of the application of numerical methods of community 
analysis to rain forest, by M. P. Austin working under P. Greig-Smith. 
The analysis of the results of the second, detailed survey have already 
been published (Greig-Smith, Austin & Whitmore 1967), and the present 
account is based on that. 

It was quite clear from the observations that the northern and western 
forests were substantially different from each other. To investigate this 
further, and to see whether other floristic types could be distinguished, 
the data were subjected to numerical analysis. 
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Classification was by Williams & Lambert's (1959-60) association 
analysis using x?^/N as the association parameter. 

Ordination was by principal components analysis of Orloci's co- 
efficient (Orloci 1966, Austin & Orloci 1966), calculated for mean density 
per stand for groups of stands, and of observed density for ordinations of 
individual stands. 


2.4 RESULTS 


2.41 Evans's survey 


The data were considered in stands of 32 x 2 chains (635 x 39.6m) 
size. There were 134 such stands and a total of 36 species or species 
groups. Subdivision to the level where no individual y? exceeded 6.63, 
which corresponds to a probability of 1/100 (P —0.01), gave 8 groups of 
stands, A-H, of clearly different geographical distribution, Fig. 2.2. 
Groups A-D are south eastern to western, E,F,G are northern, and H 
includes coastal stands. Ordination of the groups (based on average 
composition but exact parameters not stated) confirmed these alliances, 
but placed B, centred on the south eastern Bambari and Bat Harbour 
lines, half way between A, C, D and E, F, G. Few environmental data 
were collected, and the stands, which cut across the grain of the country, 
are topographically heterogeneous, so no further interpretation of this 
survey is possible. It can, however, be noted that the subsequent 
detailed survey, made on the Rei Cove, Lodomae, Shoulder Hill, Merusu 
Cove and Sandfly Harbour lines sampled two mutually exclusive and 
geographically separate groups of stands, distinguished on the presence or 
absence of Dillenia salomonensis. 


TABLE 2.2 


Composition of groups of Evans's Kolombangara survey 


forest types 

Species A B Cc D E R G H 
DILS* 2.0 1.5 2.0 2.5 — — — — 
CAMB 45 1.7 3.4 3.1 0.9 2.0 1.0 0.1 
SCHS 0.2 0.1 0.4 — 0.3 0.3 0.01 0.02 
GMEM 0.2 0.4 0.4 0.3 0.5 0.5 — 0.1 
PARS+MARC 0.6 1.4 0.5 0.5 0.9 1.3 0.5 E 
CALK+CALV 1.0 1.3 1.8 1.1 0.7 1.0 0.6 0.6 
TERC 0.1 0.3 0.1 0.2 1.0 0.6 0.7 0.1 
POMP 0.2 0.8 0.4 0.3 1.5 0.7 13 1.7 
ENDM 0.1 0.3 — — 0.5 0.3 0.2 0.1 
Eugenia spp. 0.9 0.6 0.5 1.0 0.3 0.7 0.6 — 


Figures are stems (> 6ft (1.8m) g.b.h.) per acre. 
— Indicates absent. 
* For species abbreviations see appendix 1. 


Table 2.2 gives the average number of stems per acre of the commoner 
of the 36 species or species groups on which the analyses were based. 
It.can be seen that groups A-D are extremely similar to each other, and 
have the same commonest species, the commonest two being Campnosper- 
ma breviperiolatum (CAMB) and Dillenia salomonensis (DILS) in that 
order throughout. In each group the commonest species in decreasing 
abundance are: 
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A CAMB/DILS/CAL/EUG/PAR* 

B CAMB/DILS/PAR/CAL/EUG 

C CAMB/DILS/CAL/PAR+EUG 

D CAMB/DILS/CAL/EUG/PAR 

(*See the note on abbreviations, appendix 1) 


The main differences between A-D are in the rarer species. 

Considering the commonest species, groups E-H are more different 
from each other than groups A-D and taken as a whole differ markedly 
from groups A-D. Thus: 


E TERC/PAR/CAMB/CAL/ENDM + GMEM 

F CAMB/PAR/CAL/POMP + EUG/TERC 

G POMP'/CAMB/TERC/CAL 4- EUG/PAR 

H POMP/CAL/CAMB + GMEM + TERC+ ENDM 


If the stands are subdivided at y?=10 (instead of 6.63) groups B, C 
and D and E and F unite. This makes little difference to either the 
conclusions on geographical distribution or species composition. 


2.42 The detailed survey 


The full analysis of this survey is reported in Greig-Smith er al. (1967), 
so-here a brief summary will suffice. 

The data were considered in stands of 3 x 1 chain (59.4 x 19.8m), 5 
per plot running across the long axis of each plot. The ninety-one 
commonest species were considered. Association analysis y? max=10 
yielded 12 primary groups. The first division, on presence or absence 
of Teysmanniodendron ahernianum separated western from northern 
groups. Ordination of the twelve groups clearly showed that one had 
been misclassified with the western group. An ordination of all the 
stands which include T. ahernianum confirmed this. A further ordination 
of the western stands, rejecting the misclassified ones to make the data 
more homogeneous, showed (Fig. 5 in Grieg-Smith et al. 1967) a clear 
altitudinal trend (first axis), a topographic trend (second axis) and a 
segregation of the Sandfly Harbour stands (third axis). 

The rejected stands were added to the northern group which was then 
reclassified, and the subsequent ordination (Fig. 8 in Greig-Smith er al. 
1967) can be interpreted in the same terms as the western series. 

The homogeneity of all the groups was checked by ordination. The 
final classification distributed 102 stands among a small number of forest 
types and left eight stands unclassified, these are intermediate and are not 
included in further analyses in the present report. 

Several small types, all in lowland forest at Sandfly Harbour, were 
grouped together as a single geographical type, S. 

These final forest types are the most homogeneous groups of the analy- 
sis and can be expected to be the most informative in revealing correla- 
tions with environmental factors. Every type includes plots on ridges, 
hillsides and valleys (Figs. 5 and 6 in Greig-Smith er al. 1967). 

Ordination of the stands composing each forest type in turn (except 
type S) showed clear correlation between composition and topography 
(Greig-Smith er al. 1967 Figs. 9-13), with the exception of two, types 
G/F and G/H, which were therefore considered together (see Austin & 
Greig-Smith 1968). 
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For convenience the nomenclature of the forest types has been simpli- 
fied, and Table 2.3 shows the correspondence between the names to be 
used here and those used by Greig-Smith er al. (1967). 


TABLE 2.3 


Present and former symbols of forest types 


symbol used here 


I 
II 
Ti 
IV 
V 
VI 


* Greig-Smith et al. (1967). 


symbol used in J. Ecol.* 


jy’ 

S 
G/F+G/H 
K’ 


L 
Y 


In type VI of the Shoulder Hill line on the north coast, stands lay 
along a gradient depending on the number of stems of a group of species 
(Caryota rumphiana, Cyathea alta, Elaeocarpus floridanus, E. sphaericus, 
Euodia sp. 637, 3866. Fagraea racemosa, Gbelina moluccana, Macaranga 
polyadenia, Mallotus floribundus) known to be characteristic of disturbed 
or secondary forest (Fig. 11, Greig-Smith er al. 1967) and all these 
stands lay within an area showing signs of former habitation. The sug- 
gestion of Greig-Smith et al. (1967) that type IV shows a segregation be- 
tween ridges at Shoulder Hill and Rei Cove (their Fig. 12) possibly due 
to former habitations at Shoulder Hill is less likely, as the Shoulder 
Hill stands all lay a full mile from the artefacts. 


TABLE 2.4 


Composition of forest types of the detailed ecological survey 


DILS* 12.0 
CAMB 4.1 
SCHS 0.9 
GMEM 0.9 
PARS 2.8 
CALK 2.8 
MARC -— 
TERC — 
POMP 0.2 
CALV 0.2 
ELASP — 
ENDM — 
Eugenia spp. 0.1 
CALV+CALK 3.0 
PARS--MARC 2.8 
TEYA 36.0 
Secondary 

forest spp. 3.3 


6.7 


3.3 


Sorest type 

IV V VI 
4.5 — 1.8 
1.8 0.2 2.6 
1.8 0.4 1.8 
3.6 3.9 23 
5.5 33 — 
24 


12.7 57 10.7 


43 


IV-VI 


| 


gat eat ad sd wi ad quid pu edt ad n nd 
BNEROLNONUKONNNL 


— 
uw 


93 


Based on Table 2 in Greig-Smith et al. (1967); figures are stems > 1ft (0.3m) g.b.h. per acre; 
only a selection of the species is shown. 
* For species abbreviations see appendix 1. 
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Table 2.4 shows a sharp difference between the west coast and north 
coast forest types in relative abundance of all 12 common big trees and 
also in Teysmanniodendron ahernianum and the group of species of dis- 
turbed or secondary forest just mentioned. Particularly striking is the 
absence of Dillenia salomonensis from the north coast and the very high 
density of T. ahernianum on the west coast. It will be recalled that the 
first division in the preliminary association analysis was on this last 
species. 


2.43 Comparison of the two surveys 


It is important to see how closely the forest types of this detailed 
survey, of only 33acres (13.7ha) on the west and north, correspond with 
the island-wide survey of Evans, covering an area of 1122acres (469ha). 
Close correspondence cannot be expected because of the different 
species-base, in this case stems > lft girth of 91 species or groups, in 
Evans's survey 36 less exactly named species or groups of big trees > 6ft 
(1.8m) girth. 

The commonest species (amongst groups also included by the Evans 
survey) of the west coast forests of the detailed survey, taken as a 
whole, are DILS/CAMB/PARS/CALK/EUG (see the note on abbrevia- 
tions, appendix 1), and of the different types: 


I DILS/CAMB/PARS +CALK 
II CAMB/PARS/CALK/DILS 
II CAMB/DILS/EUG/PARS/SCHS 


These are essentiallp of the same composition as groups A-D of 
Evans’s survey (Table 2.2 and text above) which we saw are wide- 
spread on the west to south-east sector of Kolombangara. The order of 
relative abundance of the species is not changed if the two species of 
Calophyllum and the Parinari and Maranthes are considered together, 
as in Evans's survey. Type III is restricted to the higher altitudes, this is 
reflected in the high stocking of Eugenia spp. and Schizomeria serrata. 

The commonest big tree species of the north coast forests of the 
detailed survey, types IV-VI, are TERC/CALV + PARS/CALK (or CAL/ 
TERC/PAR/ENDM if Calophyllum and  Parinari -- Maranthes are 
united). Dillenia salomonensis is completely absent. The commonest 
species of the separate types are: 


TV CALK 4-CALV/CAMB/PARS/MARC 4- TERC 
V TERC/PARS/CALK/ENDM 
VI TERC/CALV /SCHS/PARS/ENDM 


As on the west coast Schizomeria serrata is common at the higher 
elevations, here type VI. Again, this composition is similar to groups 
revealed from Evans's data, in this case to his E, F and G groups, 
which are centred on the north and with a few stands on the east and 
south. However, the similarity is less close than with the west coast 
types. 

The stand tables reproduced below (Figs. 7.2, 7.3) show what a big 
fraction of the total number of stems of a species lies in stems less than 
6ft (1.8m) girth, so different proportions of different species in the two 
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surveys is to be expected. We can, though, safely conclude that the 
detailed ecological survey sampled firstly, western forest types quite 
representative of CAL/CAMB/DILS/PAR forest widespread on Kolom- 
_bangara; and, secondly, widespread northern types conspicuously differ- 
‘ent from the western forests in lacking DILS, but possibly the sample 
‘contained more TERC than is common on north Kolombangara. 


2.5 PROFILE DIAGRAMS 


Two facies of the mature forest phase of the widespread CAL/CAMB/ 
DILS/PAR forest are illustrated in the profile diagrams Figs. 2.3 and 2.4. 
Mature Campnosperma brevipetiolatum and Dillenia salomonensis form 
the top of the canopy in these respective samples. Figs. 2.5 and 2.6 are 
from the north coast forests on Kolombangara; in the profile plot Fig. 2.5 
mature Endospermum medullosum form the top of the canopy together 
with Finschia chloroxantha; in Fig. 2.6 the top of the canopy is rich in 
species including Calophyllum kajewskii, Elaeocarpus sphaericus and 
Pometia pinnata. 

The trees on the profile plots were carefully climbed and measured, 
and the very uniform crown tops of the big trees is no artefact. Emer- 
gent trees, apart from big banyans, strangling figs and Terminalia cala- 
mansanai, do not occur in high forest in the British Solomons (cf. Whit- 
more 1969). The level top of the canopy even of mixed species forest 
may be an adaptation of the community to resist cyclones, which are 
prevalent in the area; trees with isolated emergent crowns would be 
much more likely to be damaged by strong winds and there would be 
strong selection pressure for uniform height. Odum (1970) contrasts the 
flat canopy top of rain forest in cyclone-prone Puerto Rico and Dominica 
with the uneven canopy top found in Costa Rica where cyclones do not 
occur. 


2.6 SPECIES RICHNESS 


The 22 plots of the detailed survey, of l.5acres (0.625ha) each, span 
the range of lowland forest types found in the western Solomons and lie 
at altitudes up to 1400ft (420m); the most distant plots are about 1lmiles 
apart. The number of species per plot > lft (0.3m) girth varies from 
30 to 53. There are 122 and 129 species in the west and north coast 
samples (16.5acres, 6.7ha each) respectively, and 172 on the total 33acres 
(13.7ha). 

Figure 2.7 shows that, considering small single plots, these Solomons 
forests are on average poorer in species than all the other mixed-species 
tropical rain forests forests sampled, though the richest plots overlap with 
the poorest in Brunei and with the plot on Mauritius. The species poor- 
ness is much more marked when the large 16.5acre areas are considered, 
though as these areas are made up of non-contiguous blocks, there are 
likely to be more species in total than on a single block of the same 
total area. 

These comparisons show that, within a small area, species diversity 
in the Solomons is slightly to strongly less than in other tropical forests, 
and on larger areas there is a far smaller increase in species than else- 
where: the overall poverty of the flora is striking. 
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2.7 CLIMBERS AND EPIPHYTES 


A detailed description of the dependent synusiae of climbers and 
epiphytes on Kolombangara can be built up from notes on these com- 
munities taken on two 0.lacre (0.042ha) subplots in each of the 22 plots, 
a 13.3percent sample of the total area. The subplots to be described 
were selected to represent the two extreme states of these communities 
on the plot. In practice this meant sampling the most different phases 
present of the forest growth cycle. 


2.71 Climbers 


Two different synusiae can be recognised in tropical rain forest. 

The first group is climbers whose stems grow closely adpressed to tree 
trunks, and which bear leaves along all or part of the stem or on rela- 
tively short side stems, mostly within the shade of the forest canopy. 
These were called small climbers by Richards (1952, p.104), and skio- 
phytic (shade loving) climbers by Grubb et al. (1963). Neither term is 
particularly appropriate for the Solomons; for instance, Freycinetia 
solomonense, one of the commonest species of this synusia on Kolom- 
bangara is massive and markedly photophytic (light loving). Here they 
will be called bole climbers. 

The second group, of contrasting life form, is of climbers which form a 
branched, leafy crown in the upper part of the forest canopy, not unlike 
‘the crown of a tree; their stems are usually large and woody and free 
from tree trunks, instead running free through the canopy. These climbers 
are the big climbers of Richards (1952) and the photophytes of Grubb 
et al. (1963). Big woody climbers is a more evocative term and will be 
used here. 


2.711 Bole climbers 


The bole climbers on Kolombangara are mostly ferns and monocotyle- 
dons. Stem girths reach 3in (75mm) or so. A small number of taxa 
dominate this synusia and are widespread through the forests, though 
not present on every subplot studied. In high forest these dominant taxa 
are distinctly zoned on the tree trunks. 

The lowest parts of trunks, from the ground up to 10-20ft (3-6m), 
bear Stenochlaena, of which there are 3 closely related spp. in the 
Solomons, which cannot be distinguished without close examination in 
the laboratory (Holttum 1971). 

Above this is a zone of mixed aroids which sometimes reaches into 
the lower parts of the crowns of the bigger trees at c.50ft (15m). Several 
genera and species of aroid are common, and there are signs that these 
are stratified within the aroid community, but the details were not 
studied. The principal aroids in the Solomons are Epipremnum amplissi- 
mum, E.dahlii, E.nobile, Pothos hellwigii, P.rumphii, Rhaphidophora 
korthalsii, R.novo-guineensis, Scindapsus altissimus, S.salomoniensis, 
Spathiphyllum commutatum and S.salomonense (Whitmore 1969). 

The top zone comprises Freycinetia solomonense, which is abundant 
on the upper parts of well-illuminated boles and sometimes reaches into 
tree crowns. This Freycinetia is in places rare, occasional or frequent 
on lower boles; in a few places it was seen abundant at low heights and 
even once on the ground, but always in well-illuminated sites, 
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In general, the west coast forests, types I, II and III, have more bole 
climbers than the three northern types, IV, V and VI. In particular the 
high north-eastern type VI (at Shoulder Hill, 1400-1520ft, 420-456m) 
has this synusia very poorly developed. 

The west coast high altitude forest, type III, has the most luxurious 
growth of bole climbers, its whole aspect being dominated by Freycinetia 
inermis, abundant to very abundant on the upper boles and often present 
tight down to ground level. Freycinetia inermis completely replaces 
F.solomonense in the samples of this forest at Sandfly Harbour (plateaux 
and slopes, 830-1260ft, 249-378m) and the two species grow together in 
the Merusu Cove sample (in a valley at 830ft, 249m). 

Stenochlaena was not seen in forest type III, and was only recorded in 
2 of the 8 samples studied in forest type I; it is of sporadic occurrence 
through the other types. Freycinetia solomonense is uncommon in the 
north coast forests, by contrast with those on the west coast, and is 
particularly rare in type V. The aroids as a group are ubiquitous, but 
possibly individual species exhibit similar patchiness to Stenochlaena and 
Freycinetia solomonense. Other bole climbers are much less frequent 
than these three dominant groups, and of very sporadic occurrence. No 
correlation with forest type or regeneration phase was discerned. 

No consistent differences were seen between ridge top, hillside and 
valley sites. On two slope samples with abundant Freycinetia it was more 
luxuriant on the downhill side of the trunks; and on one of these 
samples aroids bore most of their leaves on the downhill side. 


2.712 The big woody climbers 


All stems > 2in (50mm) girth on the sample subplots were measured 
and recorded by Kwara’ae species name. A total of 25 vernacular species 
was recorded, plus the big generic group Kwalo'ai which encompasses 
at least 11 spp. in total (Whitmore 1966, pp.125-6; kwalo'ai means 
woody climber). As discussed in Whitmore 1966 (p.6) the Kwara'ae 
concept of a species is close to the botanical one except in taxonomically 
difficult groups. 


TABLE 2.5 
The big woody climbers 


forest type 
III 


I II IV V VI 
no. tenth acre samples 8 6 8 6 8 8 
stems/tenth acre 8.7 9.7 6.7 18.7 17.7 224 
no. spp. (excluding K walo’ai) 14 9 9 16 12 16 


There were marked differences between the west coast forests, types 
I-III, and those on the north coast, types IV-VI. Firstly, on the north 
coast there are more climber stems per tenth acre (Table 2.5) and these 
are of smaller average girth (Fig. 2.8). In addition it was noted that 
within each forest type climbers are consistently of smaller average girth 
at the gap or pole phase of the forest growth cycle. Secondly, of the 21 
vernacular species recorded on more than one subplot none is restricted 
to the west coast but 5 are restricted to the north coast: in forest types 
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IV, V, VI: Petraeovitex multiflora, Cissus sp.; IV, VI: Entada sp.; V, VI: 
Merremia sp.; IV: Morinda sp. nov. 'Kwalo alo mae'. In consequence 
the north coast forests are overall richer in species (Table 2.5). 

Gnetum latifolium and stemmed Calamus are common throughout all 
forest types, the latter being especially abundant in type IV. Calamus 
with 3 spp. in the Solomons (Moore 1969) is very common everywhere in 
its juvenile rosette stage and in many places is the most abundant under- 
growth palm. The ecological conditions which lead to it developing a 
stem have not been ascertained. There must be many individuals which 
persist for a very long time as rosettes. Canopy damage by the 1967 
cyclone did not, contrary to expectation, result in rosettes growing up 
into stemmed plants (Marten, 1971). Uncaria, a very common big 
climber of open places and forest edges throughout the Solomons, is 
present in all types, and is markedly more common in the three northern 
ones, IV-VI. 


2.72 Epiphytes 

Two synusiae of epiphytes can be recognised, following Barkman 
(1958), photophytes, inhabiting well-illuminated places, principally the 
upper part of the canopy and skiophytes, inhabiting shady places, prin- 
cipally tree boles. 

Only cursory study was made of the photophytes which, being mainly 
developed in the upper parts of the crowns of the big trees, are difficult 
to see from the ground and can only be fully examined when the forest 
is cut down. In general they are infrequent in these forests, many tree 
crowns being almost or completely devoid of this synusia. Plot I (forest 
type II) on a slope at 300ft (90m) at Sandfly Harbour, was noted to 
contrast with all other plots in its abundant crown-epiphytes. 

Skiophytes were subdivided into two groups, the larger vascular plants, 
and the filmy ferns plus the non-vascular plants. The larger vascular 
plants are few in species, few in number, and of sporadic occurrence, 
except for Asplenium nidus which is occasional or frequent on most 
plots, rarely absent and rarely abundant. The other four species of this 
life form seen were also pteridophytes. No consistent differences in 
Occurrences were noted between different forest types, topographic 
situations or altitudes; but Asplenium nidus, tends to be slightly more 
frequent in high forest than in patches of other stages of the forest 
growth cycle. 

Of the second group, filmy ferns and bryophytes are abundant to very 
abundant in the west coast high altitude forest, type III, which occurs 
3-5miles (5-8km) inland at 830-1260ft (249-378m) elevation, here they 
swathe all lower tree boles in a continuous, thick sheath and in some 
plots hang in masses from branches too. In all other forest types, in- 
cluding the high elevation north coast type VI (at 520-1400ft, 156-420m, 
and 3-4miles, 5-6km, inland on the north east at Shoulder Hill) these 
epiphytes are less well developed and are found only as thin, scattered 
patches, or as a thin discontinuous film on lower boles, or butts, or 
buttresses only. Their development is consistently slightly more luxuriant 
in the west coast forests, types I and II, than in the north coast types 
IV, V and VI. 

Bole microlichens, also members of this group, are sporadic through- 
out, There is a slight tendency for this group of epiphytes to be better 
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developed in patches of high forest than in regenerating areas, but no 
correlation with topographic site was noted. 


_ 2.73 Conclusions 


In summary, there are consistent differences in the dependent synusiae of 
climbers and epiphytes between forest types and also between the west coast 
and north coast forests. Both bole climbers and skiophytic epiphytes are 
best developed in the high inland west coast forest, type III, and are better 
developed on the west coast than the north. This tendency can possibly 
be correlated with wetter average conditions on the west coast, which are 
hinted in the report by Brookfield (1969): the coastlands of the Slot 
(which include the north coast of Kolombangara) might be less wet and 
more seasonal than the outer coasts of the Solomons as a whole, Hosokawa 
(1954a) found in the Campnosperma forests of Palau in Micronesia that 
the skiophytic, hygrophilous, filmy fern component of the epiphytic flora 
became less abundant to completely absent in drier sites. 

Bole climbers and skiophytic epiphytes tend also to be better de- 
veloped in high forest than in gaps or regenerating forest; this is prob- 
ably because the niche is at its largest in high forest and has been 
present longest. 

Discussion on the differences between forests in big woody climbers is 
deferred to chapter 8 where the status of the forest types is considered. 
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3. COMPOSITION OF OTHER LOWLAND FORESTS 


3.1 BRITISH SOLOMON ISLANDS 


Forest inventories in the British Solomon Islands were conducted be- 
tween 1963 and 1969 with two main ends in view. Firstly, they were to 
provide basic information on the composition of the forests of different 
islands so as to elucidate the nature and size of the forest resource, in 
order to assist in planning the development of exploitation and the crea- 
tion of a permanent forest estate. The second objective was to discover 
the extent of correlations between species or groups of species and 
particular habitats, thus to provide basic ecological information for 
silviculture (Trenaman, 1966). 

The surveys were made by measuring the girths of all trees over a 
minimum (which varied from 1-6ft, 0.3-1.8m, girth in different surveys) 
along narrow ‘transects usually lchain, 19.8m (rarely 2chains, 39.6m) 
wide, with the booking interrupted every 2chains. The transects were 
mostly 2-3miles (3-5km) long, and rarely as much as 5miles (8m), they 
were laid out to a predetermined pattern designed to survey the full 
range of forests believed, from aerial reconnaissance and study of aerial 
photographs, to contain timber in quantities sufficient for economic ex- 
traction. Departure from the ideal sample pattern was sometimes neces- 
sary because of logistic considerations. 

Numerical methods of floristic analysis were used, the work was 
undertaken by the Bangor group, and the chosen method was association 
analysis. Independently, analyses of timber volume were made in sub- 
jectively defined site types. They are of little ecological relevance and are 
only considered briefly here. 

The following résumé is based on those of their analyses which the 
Bangor group completed and reported to Honiara, summarised in Table 
3.1. Unfortunately the research group dispersed without finishing the 
work, no report was written and the picture remains incomplete. 


TABLE 3.1 
Forest inventory areas 
area minimum block size 
surveyed girth (in chains) 
(acres) for 
site analysis method of analysis 
New Georgia Islands 
N. New Georgia 382 6ft 30x 1, association analysis 
20x1 ordination 
Viru/Kalena 796 Aft 20x 1, association analysis 
10x 1 
Vangunu!,? 73.4 1ft 2x1 association analysis 
Santa Ysabel? 
Allardyce Harbour 7.8 3ft 2x1 association analysis? 
Guadalcanal 
White River 20.8 3ft 2x2 association analysis 
! An earlier survey by J. A. Chapman on commercial timber volume/acre of the common 
trees is also available for Vangunu. 


2 [n addition outline results are available for an association analysis based on trees > 3ft (0.9m) 
g.b.h. on 1 x 10chain blocks of Vangunu (367 blocks), Allardyce Harbour (576 blocks) and N.E. 


Santa Ysabel 159 blocks). 
3 This analysis by J. N. R. Jeffers of U.K. Forestry Commission, for D. R. Chaffey (see text). 
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alts of association analyses will be considered first. 

. data obtained at Guadalcanal, White River, on 20.8acres 
5ha) enumerated down to 3ft (0.9m) girth two main communities 
distinguished, with mean densities of commoner species as shown 
ble 3.2. The leading four species are Canarium harveyi/Pometia 
ata| Pimelodendron amboinicum/Burckella obovata and Pometia 
javanicum | Neoscortechinia forbesii/Vitex | cofassus 


TABLE 3.2 


Stems per acre of the commoner species in various forests 


Guadalcanal N. New Georgia S. Ysabel 
forest types forest types Allardyce 
- A B I A J D 

Pometia pinnata 10 10 0 0.9 0 14 24 
Pimelodendron amboinicum 6.5 0 nd nd nd nd 0 
Vitex cofassus 0.1 2.0 nd nd nd nd 0.1 
Canarium harveyi 12 0 nd nd nd nd 0 
Canarium spp. nd nd nd nd nd nd 0.8 
Alangium javanicum 0.7 6.7 nd nd nd nd nd 
Burckella obovata 43 05 nd nd nd nd 0 
Neoscortechinia forbesii 0.3 2.5 nd nd nd nd 1.0 
Calophyllum vitiense 33 0.1 0.4 0.2 0.1 0.04 0 
C. kajewskii 0.7 0.7 0.4 0.7 0.8 11 0 
Schizomeria serrata nd nd 1.5 0.8 0 0 0.5 
Eugenia spp. nd nd 1.2 0.5 0.9 0.3 0 
Gonystylus macrophyllus nd nd 0.6 0.3 0.5 0.4 0 
Gmelina moluccana nd nd 0.2 0.3 0.1 0.1 13 
Campnosperma brevipetiolatum nd nd 23 0.2 2.6 2.1 11.5 
Dillenia salomonensis nd nd 1.0 0.1 22 0.8 0.9 
Maranthes corymbosa nd nd 0.2 0.2 0.07 0.3 0.1 
Parinari salomonensis nd nd 0.5 0.9 0.6 0.5 0.6 
Terminalia brassii nd nd 0.01 0.03 0.05 0.2 0.1 
Teysmanniodendron ahernianum nd nd nd nd nd nd 5.6 
Endospermum medullosum nd nd nd nd nd nd 0.7 
Dillenia ingens nd nd nd nd nd nd 0.5 
number of plots 0-200ft 

(0-60m) — — 4 1 22 12 — 
number of plots 200-400ft 

(60-120m) — — 13 5 21 2 — 
number of plots over 400ft 

(120m) — — 23 9 8 0 = 


For full discussion sec the text. 
nd: possibly present, but if so only at low density and the data not available. 


Several analyses, using progressively more refined methods, were made 
of an extensive survey covering 796acres (33lha) of the Viru Harbour / 
Kalena tract of south-east New Georgia. The minimum girth was 4ft 
(1.2m). These forests are extremely heterogeneous. The most distinct 
forest is a high altitude type dominated by Casuarina papuana; and this 
is very different indeed from the others (separating out at y? max. 9600); 
40 out of its 64 plots were on ridges or slopes. The remaining forests 
divide into a low altitude group with Dillenia ingens and the rest at low 
and medium altitudes without this Dillenia. No mean density table is 
available for the final, most efficient, association analysis, but the 
general picture is quite clear from an earlier analysis. Eugenia and 
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Gonystylus macrophyllus are leading species in the Casuarina forests. In 
all the others Dillenia salomonensis and Campnosperma brevipetiolatum 
are the two leading species, both present at high density, followed by 
smaller numbers of Calophyllum kajewskii and after that Pometia pinnata, 
Parinari salomonensis and Gonystylus macrophyllus which are themselves 
followed by others. 

Another extensive survey was made on New Georgia, covering 382acres 
on the north cape. Here the minimum girth was 6ft (1.8m). Four main 
forest types were recognised, and the mean density of the commoner 
species is given in Table 3.2, plus the distribution of stems between three 
altitude classes. The leading species in these types are as follows (see 
the note on abhreviations, appendix 1): 


I (upland) CAMB/SCHS/EUG/DILS 
A  (uplad) PARS/POMP/SCHS/CALK 

J] (lowland) CAMB/DILS/EUG/CALK /PARS 
D (lowland) CAMB/POMP/CALK/DILS/PARS 


As on Kolombangara, Schizomeria serrata and Eugenia spp. become 
commoner at the higher elevations. 

On 7.8acres (3.24ha) surveyed to 3ft (0.9m) girth in forest at Allardyce 
Harbour, Santa Ysabel, strongly dominated by Campnosperma brevi- 
petiolatum, the other leading species were Teysmanniodendron ahernianum, 
Pometia pinnata and Gmelina moluccana. Densities of species listed in 
this forest are included in Table 3.2. (The report on this survey was by 
D. R. Chaffey of the Directorate of Overseas Surveys, Tolworth.) 

Analyses for timber volume in trees over 6ft (1.8m) girth were made 
by the Forest Department from surveys in four forest tracts on Santa 
Ysabel, six on New Georgia and two on Vangunu. The main results are 
summarised in Table 3.3. The four commonest species or groups in these 
forests of known or suspected timber potential for export logs or local 
sawmills are Campnosperma brevipetiolatum, Calophyllum spp., Dillenia 
salomonensis and Pometia pinnata. Because of the high silica content of 
the wood, Parinari salomonensis and Maranthes corymbosa, which are in 
fact locally common, were omitted from these appraisals. 

On Santa Ysabel Campnosperma brevipetiolatum is commonest in six 
of eight samples. Pometia pinnata is second commonest, then Dillenia 
salomonensis. Calophyllum spp. are uncommon. 

On New Georgia Campnosperma brevipetiolatum is commonest in six 
samples, Dillenia salomonensis in two and they are equally common in 
the other two. Calophyllum spp. come third and Pometia pinnata is the 
least. common species. 

On Vangunu Calophyllum spp. and Dillenia salomonensis are com- 
monest in one tract each. 

From the analyses undertaken at Bangor, the timber volume appraisals 
and the analyses already presented made from the two surveys on Kolom- 
bangara, it is possible to gain an overall picture of species associations. 

On west and south Kolombangara, New Georgia, Vangunu and Santa 
Ysabel there is a forest in which the most abundant big tree species are 
usually Campnosperma brevipetiolatum and Dillenia salomonensis with 
varying admixtures of Calophyllum sop., Parinari salomonensis and Pometia 
pinnata plus other less common species. Eugenia spp. and Schizomeria 
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TABLE 3.3 


Main results of timber appraisal surveys 


approx. approximate percentage 
timber of commonest species 
volume* CAMB CAL DILS POMP 
Santa Ysabel 
1 Cape Megapode 1300 60 2nd 
2 Rekata Bay/Baola: type C 1500 60 3rd 2nd 
: type DB/C 625 25 2nd 
: type DB 600 50 + + 
3 South: Campnosperma forest 950 50 
: type DB/C 800 38 15 
: type DB 450 15 8 10 
4 North Central 875 10 5 5 30 
New Georgia 
1 Vinakini: Paradise 750 44 
: near Paradise 750 40 8 8 
: Kolombagia 850 30 8 10 
2 Roviana 750 20 4 oo ES 
3 Vendcke 625 25 15 25 ue 
4 Le/Ravette 750 30 15 + 
5 Marovo/Piongolavata/Ombo 
: Marovo 925 15 + 30 
: Piongolavata 800 25 ES 30 
: Ombo 775 25 T 20 T 
6 Choe/Seghe: Seghe 600 10 + 10 + 
Vangunu 
1 West 750 20 25 20 + 
2 North 750 15 3rd 25 + 


* Of export quality logs in cu ft per acre (1 cu ft—0.028m?) data from unpublished B.S.L.P. 
Forestry Department timber appraisal pamphlets. 
-+ Present, abundance not stated. Bold figures commonest sp. 


serrata become commoner at higher elevations. Dillenia ingens is a species 
of water courses and is sufficiently common at Viru/Kalena on New 
Georgia to characterise a distinct facies of the forest. 

Guadalcanal, White River, is quite different. This island lies outside 
the geographical range of both Campnosperma brevipetiolatum and 
Dillenia salomonensis, but the other species all occur there. Despite this, 
the forest types on the, admittedly small, sample area are quite different 
from any of the others; Pometia pinnata is the only leading.species com- 
mon with the western forests. 

The forests of the north coast of Kolombangara, sampled by both 
Evans and the later more detailed survey, differ from all the others 
sampled in the relative frequency of the common species, though these 
are all widespread and, except for Terminalia calamansanai, all have 
been recorded equally abundant somewhere else. The most remarkable 
feature of these forests is the complete absence of Dillenia salomonensis 
from both the Evans' and detailed survey samples. 

The association analyses revealed in a broad way differences in the 
forest composition with elevation and distance from the sea. No further 
progress was made in this direction because there are considerable diffi- 
culties in using data collected, as this was, from narrow transects to 
investigate species/site interactions. Additional consideration of this 
aspect is deferred until chapter 9. 
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Several points have emerged from these surveys whose ecological 
significance is completely obscure, but which future workers should bear 
in mind. 

Teysmanniodendron ahernianum (Verbenaceae) or Felfelo (Kwara'ae), 
is a very common and widespread medium tree in the Solomon Islands, 
reaching 70ft (21m) tall and 3ft (0.9m) girth; it is often gregarious and 
seedlings sometimes form extensive carpets (Whitmore 1966, pp.116-7). 
The first, highest, division of association analyses were on this species of 
the Kolombangara ecological survey data (1ft, 0.3m, girth minimum), the 
Vangunu survey to lft minimum, and an analysis made of the small 
survey at Allardyce Harbour (3ft girth minimum). Table 2.4 shows how 
very common Teysmanniodendron ahernianum is in some forest types. 
On Kolombangara T. ahernianum is negatively correlated, in a rough 
way, with the group of species known to characterise secondary forest 
(see section 2.42 above), but this does not apply elsewhere, and its re- 
peated significance as an ecological indicator remains as one of the 
enigmas still to be solved. It is interesting to note that the first division 
in an association analysis of data from plots in hill country in Brunei 
was on Teysmanniodendron coriaceum (Austin, Ashton & Greig-Smith 
1972). 

No similar indicator role is played by Neoscortechinia forbesii, (Eu- 
phorbiaceae, Aiasila), which is almost equally as common and conspicu- 
ous in the forests (Whitmore 1966, pp.70-1). 

The forests of the huge combined 3ft (0.9m) survey of Vangunu and 
Santa Ysabel divide on Alangium javanicum at xy? max. 650, and the 
second division of the very different Guadalcanal survey is on this species 
at x? max. 10. 


3.2 BOUGAINVILLE AND ELSEWHERE 


From what is known the dry land forests of Bougainville appear to 
differ considerably in species composition from those of the British 
Solomon islands, though there is some disagreement between the three 
reports (Anon. 1963, Heyligers 1967, D. B. Foreman in litt.). 

The widespread CAL/CAMB/DILS/PARS forest of the western 
British Solomons has not been recorded as such. 

Campnosperma brevipetiolatum is restricted to the damper sites, namely 
to swamp forests or those subject to seasonal inundation, and is some- 
times associated with Terminalia brassii. In the British Solomons it 
occurs in such sites as well as on dry land. Calophyllum spp. are locally 
common, especially in well drained areas, and can comprise 75percent 
of the timber stand (Anon. and Foreman, but Heyligers does not men- 
tion it). The only comparable stand in the British Solomons is that which 
formerly grew on Gizo. Parinari is uncommon. Terminalia calamansanai 
grows as grcups of 2-3 trees, as is usually the case in the British Solo- 
mons (Foreman). At Tonolei Harbour, southernmost Bougainville, both 
Neoscortechinia forbesii and Teysmanniodendron ahernianum are very 
common, and this is reminiscent of many B.S.I.P. forests. 

The forests from 2500-4000ft (750-1200m) elevation, which Heyligers 
calls Garcinia—Elaeocarpus forest, also, he reports, contain Schizomeria, 
Dillenia, Casuarina, Alphitoma, Cryptocarya and Bischofia. The Dillenia 
might be D. salmonensis (recently reported from the Crown Prince Range 
and Kupei, fide Foreman), if so it is growing at a higher elevation than 
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E the B.S.LP. The Schizomeria is almost certainly S.serrata, which in 
B.S.I.P. is commoner at higher elevations than low, The stilt-rooted 
Heyligers mentions as locally common are very probably one or 
- species of Clinostigma (Moore 1969) and are common in parts of 
LB.S.I.P., for instance on Kolombangara and parts of Santa Ysabel. 
| Casuarina papuana occurs inland in a few parts of B.S.I.P. as a very dis- 
| tinct forest type, as at Viru/Kalena (see above) and the north cape of 
‘New Georgia which may be on bauxite-rich soils (K. D. Marten pers. 
comm, and cf. Lee 1969), or on ultrabasic outcrops (Whitmore 1966, 
1969). Alphitonia is a genus of secondary forest. Thus, it appears likely 
that Heyligers is mixing together several distinct forest types. His account 
can be further criticised as a misleading simplification because he chooses 
to name the forest after only two from a group of common species. 

The other higher elevation type of Heyligers seems to have no counter- 
part in B.S.I.P. He names it Neonauclea-Sloanea and says Ficus spp. are 
locally dominant (cf. Corner 1963); it is mainly found from 1500-2500ft 
(450-750m). 

As in the British Solomons, Dillenia ingens is a common riverine 
species. In Bougainville Octomeles is much commoner than in B.S.I.P. 
possibly because its habitat, open, alluvial river banks, is more extensive. 

Available data suggest that the climate of Bougainville is about equally 
as wet as the British Solomons (Brookfield & Hart 1966) and the re- 
striction of Campnosperma brevipetiolatum to moist sites here and in- 
deed on New Guinea too (Foreman in litt, M. J. Coode pers.comm., 
Ridsdale 1968) remains unexplained. 

Campnosperma brevipetiolatum ranges westwards through New Guinea 
to the Moluccas. Its eastern limit is the Santa Cruz Islands and its 
northern limit is in Micronesia (van Steenis 1963, Whitmore 1966) where 
it is a dominant species in a forest type which is extensive in the Caro- 
lines and part of the Palaus, in hot, wet climates (Hosokawa 1954a). 
The other main forest type in Micronesia is dominated by Planchonella 
obovata. a very wide-ranging species which is present scattered through 
the Solomons; and this type occurs in the Marianas and part of the 
Palaus, in seasonally dry climates (Hosokawa 1954a). Concerning the C. 
brevipetiolatum forests, on Palau (135°E) and the Caroline islands of 
Ponape (1589E) and Kusaie (163E9) the forest cover is continuous, but 
on Yap (138°E), which has a drier climate, the Campnosperma brevipetio- 
latum forests are only continuous above 80m (260ft) on slopes of the main 
hill, and below that are restricted to riverine gallery forest set in an open 
vegetation of trees over grass (Hosokawa 1954b). The Micronesian flora 
is far poorer in species than that of the Solomons (van Balgooy 1960, 
1971) and in parts the climate is seasonally dry. For both reasons more 
distinct species-associations than in the Solomons are not unexpected. 

There is no published general account of the forests of the Bismarcks, 
the New Hebrides or Fiji, and so no further comparison of the Solomons 
forests is possible with those of neighbouring archipelagos. 
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4. CYCLONES 
4.1 GENERAL 


Tropical cyclones (Lamb 1972, pp.131-133) develop between latitudes 
109 and 209. It is believed that there are two prime requirements for 
their formation. Firstly, a considerable area of very warm ocean is re- 
quired, with surface temperatures of 279C or over, and a correspond- 
ingly high moisture content of the air. Secondly, most tropical cyclones 
develop in summer when the intertropical convergence zone makes its 
furthest advance into the hemisphere concerned. 

The 'breeding grounds' where tropical cyclones are born or grown 
are all over ocean. There is a considerable difference in the typical 
annual frequency, ranging (for the first half of the twentieth century) 
from 22 for the N.W. Pacific, to 6-10 in the N.W. Atlantic and 6 in the 
S.W. Indian Ocean. 

There is evidence that, on average and over both hemispheres, the 
main zones of activity of the atmospheric circulation have been moving 
somewhat towards the equator as the polar anticyclones have become 
more pronounced. This trend has been marked since 1960 and is trace- 
able through from a decade or two earlier. It is connected with a global 
cooling, for which there are a number of independent forecasts, and 
which is predicted to continue until a minimum is reached in the 1980s 
which will probably persist to the end of the century (Anon. 1972). 
Tropical cyclones may never have been appreciably more frequent than 
in epochs like the present, and at present they are forming nearer the 
equator than in the recent past. 

Observations in the Solomon archipelago fit into this general pattern. 
Firstly, unpublished Marine Department records since about 1950 show 
one cyclone in January 1952, followed by a lull and then no fewer than 
15 between late 1966 and June 1972, i.e. a marked increase in recent 
years. These cyclones were indeed most frequent in the southern hemi- 
sphere summer, 10 occurred in November-January and none in July- 
October. 

Rrookfield (1969) thought cyclones to be more frequent in the south 
east than the north west of the group, and this is supported by McAlpine 
(1967) where no mention is made of cyclones in an account of the 
climate of Bougainville; and by Heyligers (1967) who, in his account of 
the vegetation of Bougainville, makes no mention of the kind of forest 
structure which can result from cyclone damage, and such as is reported 
for the rest of the archivelago by Whitmore (1969). None of the cyclones 
which occurred between 1952 and 1972 affected the north west of the 
British Solomons. 

Fiji and Queensland, to the south of the Solomons, have long been 
known to be liable to cyclone damage. The observations in the Solomons 
therefore support the suggestion that the zone where cyclones are fre- 
quent has moved northwards, nearer to the equator. Its northern limit 
would now apnear to be at about 79S, the latitude of the Shortland 
Islands (Fig. 4.1). 

The world climatoloeical forecasts indicate that the recent cyclone 
freauencv is likely to be maintained until the end of the century, even 
perhaps increased, though there will probably be considerable year to 
year variations and minor fluctuations over periods of a few years. 
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Whether these cyclones hit the Solomons depends on the steering of them 
within the south west Pacific breeding ground, of which the Solomons 
only occupy a small part. Climatological observations for this region of 
the world are sparser than for any of the other cyclone zones and predic- 
tion from present data would be rash. 

Mountain masses of the size of those in the Solomons are too small to 
interfere with atmospheric circulation to the extent that they will 
channel cyclones into definite tracks. There is evidence from forest 
structure and composition on Kolombangara, discussed in the next 
section, that on a local scale cyclones might be more frequent in some 
places than others. 

Gane (1970) showed that in Fiji cyclones tend to follow tracks so that 
some places are more prone to damage than others, but the data avail- 
able were not sufficiently precise for him to be able to make predictions 
sufficiently accurate to be used to appraise the relative merits of dif- 
ferent proposals for land use. Webb (1958) reported that in Queensland 
local topography steers cyclones and other strong winds to some places 
more than others. Johnson (1971) observed an area on Erromango, 
New Hebrides, sheltered by a range of hills from a cyclone of 1959. 


4.2 CYCLONE ANNIE 

In November 1967 a cyclone formed between Sikaiana and Ontong 
Java, wrecked the southern half of Ontong Java, passed over the eastern 
tip of Choiseul, Rob Roy and Wagina and then over Kolombangara, 
before veering west over north Gizo, then Vella Lavella causing extensive 
damage in the central east-west lying Oura valley, and then across Baga: 
see Fig. 4.1. It then moved on to New Guinea where it caused consider- 
able loss of life. Winds reached 100knots (Marine Dept. unpublished 
memo, K. D. Marten pers comm .). 

The inhabitants of Taora village on the strait between Choiseul and 
Rob Roy reported that it lasted there from about 6-llpm. Extensive 
areas in the vicinity of Koburo peak were affected; the forests on Rob 
Roy were almost entirely flattened, as ascertained by both ground and 
aerial reconnaissance in October 1970, but a single valley of undisturbed 
forest survived and also some stands of Terminalia brassii (Groome 
1970). 

The north of Kolombangara was more heavily damaged than other 
parts of that island. The percentage of each survey plot which was 
damaged, computed from observations made in 1971 by Marten is shown 
on the map Fig. 2.1. It can be seen that forests near Rei Cove and 
Lodomae were hit hardest, in fact the forests in the area of plot XVIII 
were so decimated that that plot was completely lost. The three plots 
furthest inland at Shoulder Hill were less affected than the three nearer 
the coast. On the west coast the Merusu Cove plots were the least 
affected of the whole twenty-two, and at Sandfly Harbour some plots 
were more seriously damaged than others, the overall damage being 
roughly comparable in degree to that at Shoulder Hill. It seems likely 
that local relief afforded different degrees of shelter and protection from 
the high winds of the storm, it is possibly significant that the three 
furthest inland Shoulder Hill plots lie about 1.3miles (2.1km) west of 
the peak of Shoulder Hill itself, and the two highest plots at Sandfly 
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Harbour, which were only slightly damaged, lie less than half a mile 
from two un-named peaks on the western flank. Wadsworth & Englerth 
(1959) reported marked local differences in the degree of damage caused 
by a 1956 cyclone on Puerto Rico. 
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5. SECONDARY SUCCESSION 


Most observations on secondary succession in B.S.LP. have been 
made on areas from which the timber has been extracted, such areas 
bear considerable resemblance to forests devastated by cyclone. 

Copious growth of the big leaved Convolvulaceae climbers Merremia 
spp. sometimes develops, and these climbers are able to grow over the 
bare, compacted soil of logging roads and yards, thus protecting the soil 
from erosion, as well as over the relict forest. Trees are able to grow 
up under a Merremia mat, carrying it up with them, but some species 
are often distorted. 'Climber towers' standing amongst low, dense 
vegetation have been seen from the air in central San Cristobal (K. D. 
Marten pers. comm.), probably these are an example of this kind of re- 
growth. 

On Kolombangara woody climbers are common in the forest and 
were not completely killed by the destruction of the supporting forest by 
cyclone Annie, but they fell to the ground and formed a thick tangle. 
Seedling and sapling trees tend to get bent and broken by such a tangle 
and forest regrowth is probably slower than in areas with few or no 
woody climbers. Access by humans is exceedingly difficult. In the Solo- 
mons extensive tangles of woody climbers are less likely to remain after 
logging than after damage by cyclone, because of the mechanical damage 
caused as logs are dragged out, and the extraction of nearly all the top 
of canopy trees. 

A dense stand of small secondary forest trees commonly develops in 
felled forest, and grows very rapidly in height, reaching 20-30ft (6-9m) 
by about 3yr, and ultimately 40-50ft (12-15cm) tall. Such stands are 
usually of only one or two species in any one place, and the factors which 
determine composition in different localities remain unknown; avail- 
ability of seed at the right time is probably one very important factor, 
and type of soil damage another. 

The common components of this group are: 

Euphorbiaceae: Macaranga aleuritoides. M. polyadenia, M. tanarius, 
M. urophylla (?) (Suomango); Sterculiaceae: Melochia umbellata; 
Tiliaceae: Colona scabra, C. velutina, Commersonia bartramia, Tricho- 
spermum peekelii, T. psilocladum; Ulmaceae: Trema cannabina. 

These species are fast growing, soft-stemmed, short-lived, and do not 
replace themselves in the same place. Underneath, species of the high 
forest become established, some at about the same time and some more 
frequently than others (see chapter 7), and grow up to replace them, It is 
believed (K. D. Marten, pers. comm.) that high forest reforms after de- 
vastation more quickly after colonisation by secondary species than if a 
tangle of woody climbers persists or if Merremia develops. 

Less often, high forest trees directly colonise open places. Few species 
are able to do this, but those which do have great ecological importance 
as indicators of past disturbance, and great silvicultural interest because 
of their rapid growth, soft, pale timber and gregarious nature. The four 
main species of this behaviour are 

(1) Endospermum medullosum. This is the most frequent such 
species in the Solomons; E. diadenum (malaccense) of W. Malesia, 
closely related (Whitmore 1973), has similar ecology. 

(2) Gmelina moluccana, which is less common. 
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(3) Terminalia calamansanai, whose young soon die except in full 

light. 
(4) Campnosperma brevipetiolatum which can grow up in extensive 
clearings, but is also able to grow up in small gaps in high forest and is 
a common second-stage species growing under a stand of small secondary 
forest species. 

In addition Terminalia brassii whose natural habitat is freshwater 
swamps germinates copiously and grows vigorously. Trees of 6ft girth 
at 25yr age stand beside the wartime airstrip at Segi, but the species 
usually succumbs to competition from others outside swamps (K. D. 
Marten, pers. comm.). 

All these five species can grow to 20ft (6m) tall in 3 years. 

Further notes on these and other species are given in chapter 7 with 
the full descriptions of the behaviour of the common big tree species. 
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6. GROWTH RATES 


6.1 INTRODUCTION 


All individuals of the twelve common big tree species on the 33acres 
(13.7ha) of the detailed survey and > 6in (150mm) g.b.h. in August 1964 
were included in the census of girth growth. Girth measurement was at 
the upper edge of a ring painted 4ft 6in (1.35m) above the ground or just 
above buttresses. Observations were made over the 6.6yr period from 
August 1964 until February 1971; the cyclone Annie struck Kolom- 
bangara half way through this period, in November 1967. During the 
3.3yr before the cyclone girths were measured six times, during the 
second 3.3yr period they were measured a further three times. On the 
last occasion two independent series of measurements were made. 
Crown form and exposure were recorded every time girth was measured, 
using the scales suggested by Dawkins (1958). 

Four studies of girth increment of the twelve species were made from 
these measurements : : 


(1) on the variation of mean increment between different forest types 
and different periods, 

(2) on differences in increment following cyclone damage (possible 
because only about one third of the trees were in areas substantially 
damaged by the cyclone), 

(3) on correlations between girth growth and girth, crown form and 
crown exposure, 

(4) a computation of the mean increment for each size class of each 
species over the whole period. 


The first two studies are analysed in this chapter, the latter two in the 
next. 


6.2 GIRTH INCREMENT VARIATION BETWEEN FOREST TYPES 
AND PERIODS 


In Table 6.1 are shown the computed growth rates for various periods 
of various forests, and some of these are also expressed as histograms 
on Fig. 6.1. Certain computations were not made because of limitations 
in available computer time, hence there are gaps in the table. The con- 
clusions to be drawn are quite clear despite this limitation. Where forest 
types are represented on more than a single plot the growth was com- 
puted for the part on each separate plot (Ia, Ib, Ic . . . etc.). Most of the 
analyses are for the first three years of observations. The main con- 
clusion is that there are striking differences between periods in the rate 
of girth growth and that all forest types show similar differences between 
periods. In particular growth was very slow between 1966.2 and 1966.7 
and slow between 1966.7 and 1967.2. Individual forest types and com- 
ponent parts of forest types differ from each other in growth rate during 
any given period but these differences are not consistent from one period 
to another and are mostly much smaller than the latter differences. 

Differences between periods are about 0.5in (13mm) or more (Fig. 6.1) 
and are likely to be real for the following reasons. Accuracy of measure- 
ment was to the nearest 0.lin (2.5mm) and the steel tapes used cannot 
stretch or shrink perceptibly. Several different teams were involved in 
making each series of measurements and at the last time, when two in- 
dependent measurements were made, differences between the two were 
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TABLE 6.1 
Mean girth increment for different periods and different forests 


period (decimal year of beginning and end; interval in years in brackets) 
'64.6 — '65.8 '66.2 '66.7 ‘67.2 "646  '682 "682 '64.6 
to fo to to to to to fo to 
forest type '65.8 — '66.2 '66.7 '622 7677  '677  '68.0 "A2 '71.2 
and plot (L2 OA (05) (05 (05 (32) (05 (30) (6.6) 


la 0.69 0.71 0.49 0.43 0.91 0.49 
Ib 0.40 1.26 —0.18 0.54 0.68 0.49 
Ic 0.49 1.43 —0.32 0.45 0.91 0.53 
Id 0.74 0.87 —0.20 0.28 0.82 0.49 
Ila 0.60 0.83 0.27 0.41 0.86 0.54 
IIb 0.51 0.95 —0.16 0.44 0.67 0.46 
Iic 0.61 0.47 0.33 0.43 0.63 0.53 
Illa 0.59 1.28 —0.21 0.35 0.86 0.59 
IIIb 0.59 1.01 0.16 0.42 0.75 0.62 
Ilic 0.43 0.85 —0.03 0.40 0.73 0.47 
id 0.69 0.74 —0.13 0.42 0.69 0.49 
IVa 0.94 0.50 0.20 0.30 1.11 0.57 
IVb 0.66 0.91 0.14 0.52 0.75 0.62 
IVc 0.84 0.85 0.34 0.62 0.98 0.79 
all IV 0.83 0.63 0.20 0.48 0.96 0.68 
V 0.51 0.68 0.09 0.38 0.79 0.49 
Via 0.75 0.52 0.21 0.40 1.16 0.57 
VIb 0.65 0.80 0.19 0.32 1.09 0.50 
VIc 0.66 0.80 0.12 0.47 1.01 0.53 
Vid 1.02 0.47 0.68 0.59 1.53 0.82 
all VI 0.74 0.48 0.27 0.42 1.21 0.57 0.18 0.49 0.53 
LI 0.59 0.95 —90.11 0.47 0.81 0.52 0.73 0.60 0.56 
IV-VI 0.69 0.57 0.17 0.43 0.99 0.57 0.64 0.47 0.60 
all trees 0.64 0.75 0.03 0.44 0.91 


All stems of the 12 common big tree species are considered together; growth expressed in 
inches of girth per annum. 

I-II: all west coast forest types; IV-VI: all north coast types; the last line is I-VI plus a few 
trees on areas not assigned to forest types. 


mostly zero and only rarely exceeded 0.2in (5mm). It follows that sys- 
tematic errors are very unlikely and if they exist are most probably 
much smaller than the different growth rates observed. It is clearly un- 
wise to extrapolate from measurements made over only a few months to 
longer periods. 

There is no regular, annual dry season anywhere in the western Solo- 
mon Islands, all months are wet and there is a tendency to have two 
annual peaks of rainfall (Brookfield 1969), though unpredictable dry 
spells, lasting rarely for as long as five weeks occur (K. D. Marten, pers. 
comm.). Kolombangara is believed to receive 100-120in (2500-3000mm) 
rain per annum (Brookfield, 1969 Fig. 9). Records for 1967-72 for Ringi 
Cove suggest 120-140in (3000-3500mm) may be more accurate. A de- 
tailed analysis of the rainfall for 1964-1967 is given in Fig. 6.1 which 
shows the mean monthly rainfall within each of the periods for which 
mean girth growth was computed. The diagram is compiled from the 
fragmentary records made at Mounga, Vila, Poporo and Kukundu on 
Kolombangara itself, and those from Wanna Wanna a mile or two south 
across the Blackett Strait. 

It can be seen from Fig. 6.1 that there is no correlation between rain- 
fall and girth growth. Murphy (1970) found in Puerto Rico rain forest no 
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correlation between periods of low girth growth and periods of low rain- 
fall. Nicholson (1958) found only limited correlation from a survey of a 
few trees over one year in Sabah. 

The failure to correlate fluctuations in growth with fluctuations in 
rainfall may be because monthly average rainfall figures obscure short 
periods of drought, which can be of vital importance to plants if the 
supply of available water becomes exhausted. Such drought periods do 
occur in the western Solomons, unpredictably, and are a great hindrance 
to seedling tree planting work (K. D. Marten, pers. comm.). Such droughts 
can be detected by taking 30day running means of rainfall and allowing 
for soil storage, as has been done for instance by Bailey (1972) for 
Sarawak. Daily rainfall records, however, have not been published for 
Kolombangara. 


6.3 ON EFFECTS OF THE CYCLONE ON GIRTH INCREMENT 


Cyclone Annie struck Kolombangara half way through the period of 
girth measurements, Some plots were more damaged than others. Plot 
XVIII at Lodomae came to lie amidst an area of substantial destruc- 
tion of the forest canopy and could not be located again. 


TABLE 6.2 
Extent of damage caused by cyclone Annie 


percentage of area with canopy damaged by cyclone 


component 
forest type sample plots mean for type 


I 0 
7 
13 8 
13 
west Coast 


34 mean=21 


I 7 


north coast 
66 mean—48 


VI 0 


Plot XVIII (type V) is omitted because it could not be located after the cyclone. 


A record was made in February 1971 of the extent of canopy damage 
caused by the cyclone, plot by plot. A summary is given in Table 6.2. 
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10.05acres (4.2ha, 32percent) of the 31.5acres (13.lha) which could be 
located after the cyclone received visible canopy damage. 

An attempt was made to see whether the cyclone had a significant 
effect by comparing mean growth rates of the trees standing on the area 
with visible canopy damage with the growth rates of the other trees on 
the remaining area without such damage. Growth rates were compared 
over two three-year periods, one before and the other after the cyclone. 


TABLE 6.3 


Analysis of variance for the precyclone period between girth increment on areas which were later damaged 
by the cyclone and those which were not 


source of variation F significance 
between areas 79 ** 
between size classes 24.0 axe 
between i 15.9 tk * 
between size classes and areas 537 wk 
between size classes and species 13.3 kkk 


An analysis of variance (Table 6.3) showed that in the pre-cyclone 
period there was a highly significant difference between mean annual 
increment of all stems of the twelve species between the two areas. Also 
there were very highly significant differences in mean annual increment 
‘between (a) size classes, (b) species; and in the interactions between size 
classes and (c) the two areas and (d) the species. 


TABLE 6.4 
Analysis of variance for the post-cyclone period (covariance on precyclone period) 


F, adjusted for 


source of variation covariance significance 
between areas 4.02 — 
between size classes 2.50 * 
between species 2.07 — 
between size classes and areas 1.11 AN 
between size classes and species 1.91 — 


In the post-cyclone period the variance ratio between mean increment 
on the damaged and undamaged plots is 9.8 but this is reduced to 4.02 
when the initial non-comparability of the areas is removed by covariance 
analysis (Table 6.4); the latter difference is just not significant (at P — 
95percent, tabulated significance level = 4.12), that is to say cyclone 
damage to the canopy has had a not quite significant effect on growth 
rate. 

Table 6.4 shows that, after similar covariance analysis, there were no 
significant differences in girth increment between the damaged and un- 
damaged areas between (a) species, (b) size classes and species, (c) size 
classes and the two areas. In other words, the cyclone effect was not so 
marked as the initial differences between the two areas. The only signi- 
ficant difference was between girth increment of the size classes on the 
damaged and undamaged areas (Table 6.4); the differences were tiny, 
ranging from .09 to .005in (2.25-0.125mm) but affected all size classes, 
and it is mainly for this latter reason that overall size class attains 
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The limited effect of the cyclone demonstrated by the analysis was 
unexpected, but it must be remembered that in fact all the plots were in 
the path of the cyclone and the measure of damage used, namely visible 
damage to canopy because trees had been blown over or had their 
crowns damaged, is only one of degree and moreover was not recorded 
until 3.3yr afterwards; it can be expected that other trees of these 
species suffered lesser damage to the crowns and foliage, and to the 
bark by sun scorch and from twisting in the high wind. 
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7. STUDIES ON THE COMMON BIG TREE SPECIES ' 


7.1 INTRODUCTION 

Observations were made on all individuals from seedlings to mature 
trees of the twelve common big tree species on the 33acres (13.7ha) of 
the detailed ecological survey, over a period of 6.6yr from 1964 to 1971. 
Additional casual observations were made on the growth of these species 
in extensive clearings in the forest, in various parts of the Protectorate. 

From these studies an attempt will be made in this chapter to outline 
the ecological behaviour of each species. It will then be possible in 
chapter 8 to investigate the status the species have in the six forest 
types and hence the relationship of the forest types to each other. 

The different classes of observation will first be described before a 
description of each species in turn. 


7.2 OBSERVATIONS ON FRUITS, SEEDS AND DISPERSAL 


Eleven species have fleshy fruits and are presumably dispersed by 
birds and/or bats, though there is little direct evidence. It must be re- 
membered that the only arboreal mammal in the Solomons is Phalanger 
orientalis, the Australian opossum. Terminalia calamansanai has small, 
winged fruits, presumably adapted for wind dispersal. Seedling popula- 
tions of Pometia pinnata, Schizomeria serrata and T. calamansanai form 
mostly near mother trees, indicating poor dispersal. Jones (1956) noted 
that in a Nigerian rain forest, seedlings were mostly near mother trees 
in species apparently adapted for wind dispersal, which is the pattern of 
T. calamansanai. Many Dipterocarpaceae, despite having winged fruits, 
are notorious for their short dispersal distance. 


7.3 OBSERVATIONS ON SEEDLINGS 
All seedlings of the twelve species were counted five times between 
1964 and 1971, as follows: 


Aug. 1964 all plots 
26 months 
Oct. 1966 all plots 
23 months 
Aug. 1968 13 plots 
20 months 
April 1970 all 21 surviving plots 
10 months 
Feb. 1971 all 21 surviving plots 


The numbers of seedlings per lft (0.3m) height class were recorded, 
seedlings > 9ft (2.7m) tall being considered as one class. 

There are two complete sets of observations from before the November 
1967 cyclone, and two more from afterwards (one plot, XVIII, was 
totally lost in the cyclone). For each species a set of histograms was 
prepared for each forest plot, to study population size, structure, re- 
cruitnent and mortality, and from which to infer growth rate. As an 
example, the set of these histograms for Campnosperma brevipetiolatum 
is reproduced as Fig. 7.1. 

In 1964 plot XVI was counted twice. This showed that there are in- 
accuracies in the counts; more or less the same population structure was 
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recorded each time but there were differences in the numbers in each 
size class and in the total number. Thus the seedling counts can only be 
used to follow general trends. 

Seedling populations were followed for each plot separately in order 
to investigate local variation; at the same time consistent similarities 
within types and differences betwéen types were sought. The extent of 
canopy destruction by the cyclone was considered when investigating 
the seedling populations after 1967. 


7.4 GROWTH UP INTO THE CANOPY 


Table 7.1 gives a summary of the number of stems which attained 6in 
(150mm) girth in each forest type between 1964 and 1971. A tree which 
has reached 6in girth has also reached 15ft (4.5m) tall or more and has 
grown well into the canopy. 


TABLE 7.1 


Numbers of stems per plot of the twelve big tree species which reached 6in (150mm) girth between 1964 
and 1971 
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* For species abbreviations see appendix 1. 
2 suckers. 


On the 31.5acres (13.lha) which survived in recognisable form 96 
stems of the twelve species reached this size during this 6.6yr period. 

Table 7.1 shows that Endospermum medullosum and Gmelina moluc- 
cana have only grown up in plots which received substantial damage to 
the canopy by the cyclone (but with only 3 and 1 stems respectively), 
and that most of the Elaeocarpus sphaericus recruitment (25 stems) is 
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in such plots. Calophyllum vitiense and Pometia pinnata show a similar 
but less marked trend. No other species shows this trend, or any other; 
instead, 6in (150mm) girth stems have developed throughout the range 
of amount of canopy damage. 


7.5 OBSERVATIONS ON THE TREES 
The observations have been described in section 6.1. 


7.51 Growth rates 


For each species the mean girth growth rate of all stems in each Lft 
(0.3m) girth class over the whole 6.6yr period 1964.6-1971.2 is shown on 
Fig. 7.2. 

All twelve species show an increase in girth growth rate with girth in 
the three lowest size classes, from 0.5-3ft (0.15-1.9m), though for most 
species the correlation is not significant (see below). Such a trend prob- 
ably follows because on Kolombangara, which bears high forest with only 
small gaps, some small trees stagnate and others grow up, so that as 
time progresses it is the bigger ones which are growing faster. 

The same trend continues for most species, most notably Calophyllum 
kajewskii. For Campnosperma brevipetiolatum, however, there is a tend- 
ency to decreasing growth rate from 3ft (0.9m) upwards and for Dillenia 
salomonensis there is no upward trend above 3ft. 

The most erratic growth rate curves are shown by the species with 
fewest individuals; the only meaning which can be given to those for 
Elaeocarpus sphaericus, Endospermum medullosum and Gmelina moluc- 
cana is that they give an indication of the growth individuals are capable 
of in high forest. (The author has data suitable for calculation of the 
range of girth growth rates for each size class of each species plus figures 
for their probability. This analysis is beyond the scope of the present 
report. The data can be made available to anyone interested to pursue 
this aspect.) 


TABLE 7.2 
Mean annual girth increment, 1964-1971, of the twelve big tree species in declining order 

annual increment group (see 
species* no. stems (inches) Table 7.6) 
CAMB 102 0.96 e» €» 
CALK 120 0.71 zB 
CALV 63 0.65 s Bias 
GMEM 27 0.64 TET. 
ENDM 21 0.59 TIT. 
ELASP 27 0.54 xw Gu 
PARS 137 0.54 Roe 
TERC 65 0.48 yaad 
MARC 24 0.44 Riess 
SCHS 39 0.43 €i 
DILS 155 0.42 ire 
POMP 74 0.40 T PT 


Mean increments over the 6.6yr period 1964.7—1971.2 of all stems present in 1971. 
* For species abbreviations see appendix 1. 


Mean growth rate over 6.6yr of measurement is shown for each 
species in Table 7.2. It varies from 0.96in (24.4mm)/yr for Campno- 
sperma brevipetiolatum down to 0.4in (10.lmm) for Pometia pinnata. In 
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making the computations extreme values of girth increment ( — 0.lin/ 
annum and +3.5in/annum, or —2.5, +89mm) were rejected because 
these are probably mostly due to mismeasurement. Most rejected stems 
were growing faster than this upper limit; in so far as these represent 
exceptional individuals and not mistakes the figures in Table 7.2 are 
underestimates. 

Only four species have stems in most size classes in both north and 
west coast forests (only 12 missing values out of 80); these are Calo- 
phyllum kajewskii, Campnosperma brevipetiolatum, Parinari salomonensis 
and Pometia pinnata and for them an analysis of variance showed a highly 
significant difference in mean girth increment between west and north 
coast forests. There are too many missing values to extend this analysis 
to other species. 


7.52 Correlations between girth growth, girth and crown 

Regression analyses were made on girth measurements taken in 1964.7 
and 1967.7 and only a few significant correlations were found between 
girth growth and original girth, crown exposure and crown form. These 
are shown in Table 7.3 and discussed in the notes on individual species 


TABLE 7.3 


Correlations between girth growth between 1964.7 and 1967.7 and original girth (G), crown exposure 
i ko) and crown form (ke) 


mean mean 
no. growth girth mean mean t values r2 
species trees injannum (in) ke ke F girth E. ke 96 
west coast (forest types I-III) 
CALKT 41 0.73 53.97 30 38 * 2438(* 0.552(—) 3.347(**) 63 
ELASP 10 056 1204 29 3.9 * 4897(**) 1.083(—) 2.030(—) 96 
SCHS 16 0.47 28.74 28 3.8 * 0474(—) 3.202(**) 2.787(**) 78 
north coast (forest types IV-VI) 
CALK 79 061 235 234 405 * 2293(*  45934(**) 3.112(4*) 51 
MARC 26 0.36 25.1 2.58 3.73 * 0.882(—) 0.906(—) 3.293(**) 56 
POMP 78 0.49 39.9 276 3.51 * 1,393(—) 1.332(—) 7.253(**) 57 


Only the significant correlations are reproduced here. 
T For species abbreviations sec appendix 1. 


below. North and west coast populations were considered separately. 
The main conclusion is that, over all girths, there is no significant 
correlation between growth rate and original girth except for Calophyl- 
lum kajewskii and Elaeocarpus sphaericus. The latter correlation is highly 
significant but there were few individuals under measurement (Fig. 7.2). 
Highly significant correlations with crown exposure were shown by 
Schizomeria serrata and Calophyllum kajewskii and with crown form by 
Calophyllum kajewskii, Schizomeria serrata, Maranthes corymbosa and 
Pometia pinnata, mostly in only one of the two populations. 

The limited success of these attempts to attribute the considerable 
variability in girth growth to these parameters is due to the high internal 
variability within natural populations of trees, which is discussed more 
fully in section 9.32 below, and has also been found elsewhere, for ex- 
ample in Uganda and Suriname (Dawkins 1956, Schulz 1960 p.230). 
Analyses were not attempted for any other periods because of the 
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limited significance of the results and the difficulty of interpreting those 
which were significant. Mervart (1970) has recently shown that in 
western Nigeria growth of individual trees can vary considerably at dif- 
ferent times, and if this is generally the case it also complicates such 
analyses. 


7.53 Stand tables analysed 


In Fig. 7.2 summary stand tables are shown for all of the twelve 
common species, these are a compilation of all stems in the six forest 
types; in Fig. 7.3 separate stand tables are given for each forest type. 
These latter reveal similar population structure as the summary tables 
do, but are less clear because they are based on fewer stems. 

Two broadly different kinds of population structure are shown by the 
stand tables, especially by Fig. 7.2. 

Firstly, there is a group of species with many more small individuals 
than large, the numbers decreasing with increasing size. This size-class 
distribution indicates that these species are reproducing themselves in 
situ; slow growth rate of the smallest sizes plus mortality at all sizes 
account for the population structure. This kind of species is commonly 
stated to have a ‘positive stand table’ (Dawkins 1958). The most marked 
examples are Calophyllum vitiense, Dillenia salomonensis and Parinari 
salomonensis 

The second, contrasting, population structure is shown best by Camp- 
nosperma brevipetiolatum. This species does not have a preponderance 
of small individuals, and, taking into account mortality and the slower 
growth rate of the smallest sizes, has too few small stems to maintain 
itself. Endospermum medullosum and Gmelina moluccana also show a 
similar population structure. Examination of the populations of Endo- 
spermum medullosum and Gmelina moluccana in the separate forest 
types, Fig. 7.3, shows that some have a few individuals at each of many 
girths (i.e. they are like the overall picture for these species) and others 
have a group of individuals of large girth and no small ones. The sum- 
mary stand table on Fig. 7.2 for Terminalia calamansanai shows two 
separate groups of trees, and Elaeocarpus sphaericus, less common, 
shows a similar population structure. The populations in the separate 
forest types, Fig. 7.3, exhibit this structure much more clearly and show 
it also for Campnosperma brevipetiolatum (e.g. in forest type I). 

These stand tables indicate that this second group comprises species 
which are not regenerating continuously in situ. The number of small 
stems is inadequate at the prevailing growth rates and allowing for 
mortality, to replace the existing large ones as these grow larger and 
die. Instead, reproduction is in pulses. Periodically conditions occur 
which permit a group of individuals to grow up together. The continued 
presence of these species in the forest depends on the periodic recurrence 
of such conditions. 

In considering population structure in detail the crown exposure of 
each tree was also borne in mind. Commonly, it was found that, as 
would be expected, the larger trees have on average more exposed (i.e. 
better-illuminated) crowns, but superimposed on this general trend there 
are détectable differences between species, reflecting their different eco- 
logical characteristics, and showing, in a rough way, the amount of light 
which each needs in order to survive. 
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Further discussion of the behaviour of individual species is deferred 
until section 7.9 where all the different lines of evidence will be brought 
together. i 


7.54 Cyclone losses 


Fig. 7.4 shows stems lost at the cyclone, and losses in each type are 
incorporated in Fig. 7.3. One species, Campnosperma brevipetiolatum, 
stands out as having lost a lot of big trees (13 over 5ft, 1.5m, girth) and 
they were lost over a wide area. 


7.6 OBSERVATIONS IN LARGE CLEARINGS 


Secondary succession in the Solomons was briefly described in chapter 
5. The occurrence and performance of a species in seral forests is an 
obvious clue to its status and role in high forest and is therefore briefly 
given. 


7.7 HEIGHT GROWTH 


Height growth was measured six times between 1964 and 1971, on an 
0.7acre (1.7ha) subsample of plot VI in forest type I, of all individuals of 
the twelve common species which were 7 6in (150mm) g.b.h., plus a few 
which were just below this girth. Five species (Campnosperma brevipetio- 
latum, Dillenia salomonensis, Elaeocarpus sphaericus, Parinari salomonen- 
sis, Schizomeria serrata) were included in the sample. The area included 
all phases of the forest growth cycle from a small gap formed by death 
of a single tree to mature high forest. Analysis was confined to the 
smaller trees, up to 50ft (15m) tall, which were measured accurately by 
climbing on each occasion. The results are summarised in Table 7.4 in 
which a measure of the exposure of each crown to the sky (i.e. its 
illumination) is included. It can be seen that height growth did not differ 
in any regular manner between trees with different crown exposure, 
though only the three lowest of the five exposure classes were repre- 
sented. Campnosperma was growing fastest with four out of six trees 
adding 1.5-1.8ft (450-540mm) /yr. Two of the three trees of Elaeocarpus 
were growing over lft in height a year, Dillenia and Parinari salomonen- 
sis were growing more slowly. 

All of the trees under observation are growing much more slowly 
than do young trees of the same and other species growing in the open 
in plantations which commonly add 4-7ft (1.2-2.1m) of height per an- 
num at comparable girths, see Table 7.5, and pioneer trees of Campno- 
sperma brevipetiolatum, Endospermum medullosum, Gmelina moluccana 
Terminalia brassii and Terminalia calamansanai colonising areas of felled 
forest have been observed to reach 20ft (6m) tall in 3yr, a similar rate. 
C. brevipetiolatum and T. calamansanai grow at about this rate when 
planted in lines established in logged areas. 

In summary, in high forest and in small gaps, height growth of small 
trees is much slower than in extensive clearings, or in plantations. This is 
probably due to a combination of intense root competition and incom- 
plete exposure of the crowns to light. 
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TABLE 7.4 
Height growth on 0.7acres (0.29ha) in forest type I 


height height added annual 
crown in 1964 in 6.6yrs owth 
tree no. exposure* (ft) to 1971( ft) | year 
Campnosperma 
brevipetiolatum 
211 2 43.4 11.6 1.8 
182 3 33.7 11.3 17 
196 3 19.6 10.4 1.6 
212 3 22.3 97 1.5 
1101 n.a. 11.8 0.5 0.08 
1103 na. 20.6 5.4 0.8 
Elaeocarpus 
sphaericus 
206 1 35.3 2.7 0.4 
194 2 25.4 7.6 12 
195 2 20 8 12 
Dillenia 
salomonensis 
202 1 20 84- 1.2+ 
240 1 36 1 0.2 
242 1 37.3 —0.3 0 
207 2 18 6 0.9 
209 2 44.9 0.1 0.02 
237 2 17.2 4.2 0.6 
238 2 30.6 2.4 0.4 
241 2 53.3 44 0.6 
Parinari 
salomonensis 
187 1 44.5 5.5 0.6 
189 1 43.3 —1.3 0 
190 2 40 0 0 
193 2 18.3 0.7 0.1 
198 2 39 4 0.6 
185 3 52 4 0.6 
Schizomeria 
serrata 
197 1 33.6 —0.6 0 


* Crown exposure following Dawkins (1958) on a scale from darkest (1) to full light (5) 


7.8 THE SPECIES IN DETAIL 
7.81 Calophyllum kajewskii (CALK) 

Fruit a heavy, globose, blue-black drupe, with leathery flesh, 1-1.5in 
(25-37mm) diameter, presumably dispersed by large birds and possibly 
by large bats too, though many fruits fall to the ground below the tree 
where pigs and rats may disperse some; C. vitiense is similar. 

Seedling populations tiny or large to very large, commonly 300-500 per 
acre, reaching 1000 (720-1200-2400/ha). Absent or very rare at high ele- 
vations (forest types III and VI) except the valley plot IX at Merusu 
Cove. Recruitment is frequent, by local to widespread flushes of several 
hundred seedlings/acre, occasionally less, growing quickly to lft (0.3m) 
or taller by extensive growth of the hypocotyl and about half dying 
within a year, though this is often masked by further recruitment. In 
some places recruitment followed cyclone damage to the canopy, but in 
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TABLE 7.5 
Height growth in plantations at Mt. Austen, Guadalcanal 


approx. approx. 


age height girth height growth 
species (yrs) (ft) (ins) in ftlyear 
Agathis macrophylla 11 55.8 31.3 Si 
Araucaria cunninghamii 12 64.7 37.3 5.4 
A. hunsteinii 3.8 15.3 7.4 4.0 
Calophyllum kajewskii 10.1 54.1 29.8 5.4 
Campnosperma brevipetiolatum 6.5 45.2 21.1 7.0 
Elaecocarpus sphaericus 10 95.2 48.7 9.5 
Endospermum medullosum 6.6 51.3 26.9 7.8 
Eucalyptus deglupta 12 116.0 66.3 9.3 
Gmelina arborea 10.3 67.0 56.1 6.5 
Gmelina moluccana* 6.9 47.0 31.2 6.8 
Pinus caribea 11 54.0 333 4.9 
Pometia pinnata 10.1 56.7 35.4 5.6 
Terminalia brassii 8.0 70.4 36.3 8.8 
T. calamansanai 4.6 39.2 20.8 8.5 


* At Mounga 


Based on Table II in Marten (1972); in all cases plots elsewhere cited by him, show similar 
growth rates. 


- as many it was independent of damage. Rate of seedling growth is masked 
by the frequent recruitment. Population structure remained more or 
less the same throughout 1964-71. 

Mature trees present on most plots. Tree growth rate increases with 
size more markedly than with any other species except Elaeocarpus 
sphaericus, and in both northern and western forests there is a significant 
correlation between girth growth rate and original girth and a highly 
significant one with crown form (Table 7.3); in addition on the north 
coast there is a highly significant correlation with crown exposure. C. 
kajewskii is one of the fastest growing of the twelve species (Table 7.2). 
The stand tables of forest types show all sizes up to the largest are 
present, without a preponderance of small stems, except in forest types 
IV and V, where it is due to a huge preponderance on one plot in each 
type (XX and XVI). Small trees grow in a wide range of light conditions, 
crown exposure classes 1, 2 and 3 are all well represented. C. kajewskii 
is absent from forest type VI. 

C. kajewskii does not colonise large clearings but has been observed 
growing up under a seral forest of Macaranga, Trema, etc., where it is 
sometimes very common. 

Conclusions. C. kajewskii is a widespread species. It is common and 
maintains large seedling populations throughout the lowlands by fre- 
quent recruitment; the big seed presumably facilitates seedling establish- 
ment even in densely shaded sites and also the early rapid growth; there 
is evidence of a rapid turnover in the seedling populations. Occasionally 
opportunity occurs for the upwards growth of a large seedling popula- 
tion, and then dense stands of small trees develop, as is seen in forest 
types IV and V. More usually only a few seedlings grow up, and the 
population structure in types I, II and III suggest that enough do so to 
maintain the species at about its present numbers. The highly significant 
correlation between growth rate and crown exposure in the northern 
forest types IV and V could mean that the trees there are responding 
well to increased light because they are younger than stems on the west. 
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7.82 Calophyllum vitiense (CALV) 


Fruit an ellipsoid, blue-black drupe, 1.5in (37mm) long, with leathery 
flesh; presumably dispersed as C. kajewskii, which see. 

Seedling populations present on all plots, small to medium throughout 
the northern forests, mostly 20-100 per acre (48-240/ha); smaller on 
the west, mostly 3-40 per acre (7-96/ha), where it is slightly commoner 
in the high elevation forest type IIT. Mature trees are present on most 
north coast plots, but only on two of the west coast ones and seedling 
population size is very roughly proportional to the number of mature 
trees on the plot. Recruitment is in fairly frequent flushes, doubling or 
more the population size, which thus sometimes reaches 150/acre 
(375|ha) in the northern forests but only 10-50 in the western (24-120/ 
ha). Seedlings grow quickly to lft (0.3m) or taller by extensive growth of 
the hypocotyl. Flushes are to some extent localised (notably all Shoulder 
Hill plots between 1968 and 1970, all Lodomae plots between 1964 and 
1966). No correlation was observed between recruitment and damage 
caused by the cyclone. Up to three quarters of the seedlings die in the 
first year, but often fewer. More or less the same size classes were 
present throughout 1964-71, but in some places with fluctuating abund- 
ance. 

C. vitiense trees are virtually absent from the west coast forests 
(though a pilot survey in February 1963 included 15 stems > lft 
(0.3m) girth on 8 acres in the vicinity of type I, more than in the subse- 
quent survey of the whole west coast). In the north coast types there are 
a few big and very big trees and big stands of small ones. The stems are 
most numerous in the smallest class and progressively less frequent in 
higher classes. There is slight evidence that growth of seedlings into 
trees is favoured by canopy damage. Small trees are on average growing 
in darker conditions than those of C. kajewskii, exposure class 1 is pre- 
dominant though 2 and 3 occur. The average girth growth rate is less 
than that of C. kajewskii (0.65 and 0.7lin/year (15.6, 17.1mm) res- 
pectively, Table 7.2) 

C. vitiense has not been seen in the seral forests which grow up after 
extensive forest destruction. 

Conclusions. C. vitiense is maintaining seedling populations on all 
plots, even where mature trees are absent, though possibly at greater 
density near to mother trees. Recruitment is spasmodic, and to some 
extent localised but there is little evidence that it is favoured by sub- 
stantial opening of the forest canopy. Conditions for the growth of 
seedlings into trees exist in the northern forests but not, apparently, in 
the western ones; however, there are very few stems over 5ft (1.5m) 
girth. This shows, either that most C. vitiense die by 5ft, or that condi- 
tions have changed to allow the development of these stands and that, 
in the course of time, C. vitiense is becoming commoner. Given the ab- 
sence of young tree stands on the west, despite sizeable seedling popula- 
tions, the latter explanation seems more likely, and it is suggested that 
canopy disturbance has allowed seedling release on the north. 


7.83 Campnosperma brevipetiolatum (CAMB) 


Fruit a small, fleshy. magenta drupe, 0.2in (5mm) across; attractive 
to, and dispersed by, birds and possibly by bats. 

Seedling populations (Fig. 7.1) are mostly small (to 5/acre, 12/ha) and 
sometimes medium (to 50/acre, 120/ha); they are larger and more fre- 
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quently replenished on the west coast, and on the whole smallest and 
least often replenished where there are fewest mature trees or none. 
Recruitment is by infrequent, mostly small, flushes, with usually good 
persistence. By April 1970 (but not by August 1968) considerable influx 
(to 50/acre, 120/ha) had followed canopy destruction caused by the 
November 1967 cyclone on plots I, Il, XIX, XX and XXI, but plot IV 
with only l3percent cyclone damage received an influx at the same time 
and plot XVII with 100percent damage but no mature trees, received 
no influx. Seedling growth rate is often fast. The population structure 
was maintained over the period of observations and at increased density 
in the plots mentioned above. Extensive observations show that C. 
brevipetiolatum seedlings occur as scattered individuals plus patches of 
0.1-0.2acres (0.04-0.08ha) of high density, usually below obvious bird- 
perches (K. D. Marten, pers. comm.). 

Trees. Campnosperma brevipetiolatum grows fastest in girth of the 
twelve common species, the average rate of 0.96in/yr (24.4mm) is 20per- 
cent greater than the rate of Calophyllum kajewskii, the second fastest 
grower (Table 7.2). Growth rate drops off with increasing size (Fig. 7.2). 
The timber is pale, light and soft (especially in young trees), features 
commonly associated with rapid growth. 

Measurements on small numbers of trees believed to have regenerated 
naturally in wartime clearings show that free growing trees are capable 
of girth growth of 2.5-3.0in/annum (64-76mm), reaching 6ft (1.8m) girth 
in 25 years or less; trees in high forest on Kolombangara have been 
observed growing at 2.0-2.5in/annum (51-64mm) over a range of girths 
up to 8ft (2.4m) (K. D. Marten, unpublished report). C. brevipetiolatum 
is a common species, with more stems in the western forests than the 
northern. Overall it has a strong preponderance of large stems (Fig. 7.2). 
This is the case also in the three western forest types, I-III (Fig. 7.3). 
Within individual plots stems tend to be clustered in groups of a few 
stems in 1-3 adjacent girth classes, some plots having more than one 
group; this can be seen, but less clearly, in the population structure of 
the forest types (Fig. 7.3). Crown illumination of all sizes is good, even 
the smallest commonly enjoy exposure class 3, classes 1 and 2 are rare, 
and at larger sizes class 4 is commonest. 

Big trees of C. brevipetiolatum were destroyed by the cyclone over 
the whole area of observation, the losses were greater than of any other 
species; see Fig. 7.4. Plantations of 7-8 year old young trees on ‘Santa 
Ysabel were scarcely damaged by cyclone Ida. 

In some places C. brevipetiolatum regenerates freely in the large clear- 
ings left behind after logging; observation suggests this is near mother 
trees or near an obvious bird-perch. Small patches with seedling density 
pf 2000-3000 per 4 square chain have been recorded (80,000-120,000/ 
acre, 190,000-200,000/ha). Height growth is rapid (Table 7.5), and ade- 
quate to overtop most competing species; 20ft (6m) in 3yr is common. 
C. brevipetiolatum was growing fastest in height of four species in the 
oliservation plot in forest type I; it has also been observed to grow 
vigorously under a regrowth forest of Macaranga, etc., and it persists 
well, but grows less rapidly in these situations than in the open and is 
prone to damage when the Macaranga die and fall (K. D. Marten, pers. 
comm.). 

Conclusions. C. brevipetiolatum is a patchily dispersed species whose 
seedlings can establish in high forest but for which establishment is 
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favoured by canopy opening; however, seed is not always available. 
Seedlings form mostly small populations and often persist in high forest. 
In large clearings big populations sometimes develop. Seedlings can grow 
in height fast, and the species is a light demander. Maintenance of the 
tree population in the high forest on Kolombangara is by periodic grow- 
ing up together of groups of trees in gaps. The density of trees at any 
one place reflects the number and size of gaps which have occurred and 
the availability of seed at the correct time. 

The ability to grow fast in large clearings in early life plus the con- 
tinuing rapid girth growth make C. brevipetiolatum a highly desirable 
tree for silviculture. 


7.84 Dillenia salomonensis (DILS) 

Seeds small, enclosed in a fleshy aril; presumably dispersed by birds, 
and perhaps by bats. 

D. salomonensis is restricted to the west coast forests. 

Seedling populations of medium size (12-40/acre, 30-100/ha) occur in 
all the west coast sample plots, and are largest where there are mature 
trees on the plot. Recruitment is local, averaging 6-12/acre (15-30ha), 
and occasional, on average once per plot beween 1964 and 1971; mor- 
tality is usually slight but is continuous; canopy damage by the cyclone 
had no noticeable effect on recruitment. Seedling growth is sometimes 
rapid. Population structure remained the same during the 6.6yr of ob- 
servations. 

Trees. D. salomonensis was the second most slowly growing of the 
twelve species; it was alone in not showing increasing growth rate with 
girth over 3ft (0.9m), which indicates that it does not respond to the 
greater illumination received by crowns of bigger trees. Height growth 
on the small observation plot in forest type I (Table 7.4) was also very 
slow. The smallest trees are most commonly in deep shade, crown ex- 
posure class l, though classes 2 and 3 are also well represented; larger 
trees are enjoying classes 2, 3 or, rarely 4. D. salomonensis has a dark 
dense, hard timber features commonly associated with slow growth. 

Every plot, each of the three west coast forest types (Fig. 7.3) and the 
summary of the whole sample, Fig. 7.2, shows D. salomonensis has a 
strongly positive stand table with large numbers of small trees and pro- 
gressively fewer of the larger sizes. It can grow to huge girth and this is 
reflected by the peak at the right of the histograms which is the ‘9ft 
(2.7m) and over' girth class. 

Cyclone losses were small, Fig. 7.4, but D. salomonensis did suffer 
considerable damage to branches (K. D. Marten, pers. comm.). 

D, salomonensis has not been observed colonising large gaps and is a 
very rare constituent of the second stage forest which grows up after 
colonisation by Macaranga, etc. 

Conclusions. D. salomonensis seedlings occur in high forest, they 
show long persistence and can grow fast; recruitment is very low and 
infrequent, but population size and structure was maintained between 
1964 and 1971. It is a shade-bearing species, growing slowly and main- 
taining its population size and structure throughout its range, which is 
all the west coast forests. lt did not respond to damage to the canopy 
caused by the 1967 cyclone. 
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7.85 Elaeocarpus sphaericus (ELASP) 


Fruit a bright blue, thinly fleshed drupe, 0.7in (18mm) across; pre- 
sumably dispersed by birds, and perhaps by bats. There are indications 
that seed viability is low (Forest Dept. trials, K. D. Marten, pers. 
comm.). 

Seedling populations ubiquitous, though mature trees are absent from 
most plots; medium in size (12-20/acre, 30-50/ha), or rarely large (to 
100/acre, 240/ha), and small in forest type II, Size classes 2-3ft and 
upwards better represented than the smallest ones. Recruitment: on 
the west coast virtually zero and with little death. On the north coast, 
most in type VI; in flushes of 7-50 acre, (17-125/ha), followed by con- 
siderable death. There is no consistent correlation between these 
flushes and cyclone damage to the canopy. Growth slow and steady, 
into the > 9ft (2.7m) tall height class which is well represented in many 
plots. Population structure was maintained through the period 1964-71. 
In plantation trials in the western Solomons there has been high seedling 
mortality (K. D. Marten, pers. comm.). 

Twenty-five stems grew to reach 6in g.b.h. on the study plots during 
the period 1964-71, more than of any other species (Table 7.1): most 
of these were in places which received canopy damage from the 1967 
cyclone. 

E. sphaericus is uncommon as a tree, especially on the west coast, and 
little weight can be given to the growth rate figures (Fig. 7.2) except to 
show what the species is capable of attaining. On the west coast there is 
a highly significant correlation between growth rate and girth (Table 
7.3). Individual plots and forest types (Fig. 7.3) have only a few in- 
dividuals spaced through the girth range; several types have a consider- 
able stand of the smallest trees. Small trees are mostly well lit, with 
crown exposure class 3 common and class | rare. 

E. sphaericus sometimes grows up under first stage regrowth forest of 
Macaranga, etc. It has not been observed as an initial coloniser of large 
gaps. In plantations E. sphaericus is very prone to insect damage (K. D. 
Marten, pers, comm.). 

Height growth of 2 of the 3 trees studied in forest type I was fairly 
rapid (Table 7.4), and height growth is very rapid in a plantation at Mt. 
Austen (Table 7.5). 

Conclusions. E. sphaericus has efficient dispersal, and seedlings can 
establish in high forest, there may be considerable death but many show 
great persistence and steady growth. Seedling establishment and growth 
is not dependent on major canopy damage, but there is evidence that 
trees > 6in (15cm) g.b.h. develop in groups and that canopy damage 
favours their formation. Tree populations show signs of periodic re- 
cruitment of groups. Maintenance of E. sphaericus in the high forest as 
trees results from the rapid growth of groups of big seedlings in the 
gaps which periodically form as part of the forest growth cycle. The 
ubiquity of the seedlings, even though trees are localised, and their 
persistence, suggests that FE. sphaericus is maintaining itself, although 
at low density. 


7.86 Endospermum medullosum (ENDM) 


Fruit a leathery, grey-green, ovoid berry 0.3in (7mm) long, contain- 
ing a single seed; presumably dispersed by birds, and possibly by bats. 
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Seedling populations are present throughout the north coast forests 
(types IV-VI) but on the west coast are virtually absent from forest 
types I and III and one plot of type Il; of medium size (15-30/acre, 
37-75/ha) on the remaining two plots of type II, and small (1-5 /acre, 
3-13/ha) on the north coast. Seedlings mostly occur where there are 
mature trees present on the plot. Pometia pinnata seedlings have similar 
distribution. Recruitment. On all the plots where there was considerable 
damage to the canopy by the cyclone, substantial recruitment (8-60 /acre, 
20-150/ha) followed, and this was the only substantial recruitment of the 
whole period 1964-1971. It was followed by rapid growth (most seedlings 
were recorded 3ft, 0.9m, or taller) and considerable death. Other re- 
cruitment was of very small numbers of seedlings, which grew for a few 
years, sometimes fast, but mostly ultimately died. 

E. medullosum trees are absent from the west coast except from one 
plot (I) of forest type II; they occur on all north coast plots as scattered 
individuals, nowhere common, of scattered girths (Fig. 7.3). The smallest 
sizes are virtually absent (Figs. 7.2, 7.3). Crowns are uniformly well- 
illuminated, exposure class 4 predominates even for small trees. 

In extensive clearings E. medullosum seedlings are widespread and 
occasionally gregarious amongst the initial colonists, they can reach 20ft 
(6m) tall in 3 years, thus overtopping most competing species, cf. 
Gmelina moluccana. In line-planting at Allardyce Harbour into low relict 
forest the leader shoot tended to become damaged. Seedlings have been 
observed to be intolerant of shade, less so than those of Gmelina 
moluccana (K. D. Marten, pers. comm .). 

Conclusions. E. medullosum is a species which colonises gaps gre- 
gariously and grows rapidly. Seedlings do not persist in high forest. It 
is a typical nomad species (see section 7.9), the presence of trees indi- 
cates the former existence of a big gap. Gmelina moluccana is very 
similar, but is a less common species (K. D. Marten, pers. comm.). 


7.87 Gmelina moluccana (GMEM) 


Fruit a broadly conical to cylindrical, thinly fleshy drupe, 0.7in 
(17mm) across, ripening purple; presumably dispersed by birds, and 
perhaps by bats. 

Seedling populations very small (0.7-3/acre, 1.7-7.5 /ha), restricted to 
the lowland forests (totally absent from type VI, almost absent from 
type III), though a few mature trees occur in the mountain types III and 
VI. Recruitment was of scattered, solitary individuals. In addition a few 
new seedlings appeared within 29 months in most of the plots consider- 
ably damaged by the cyclone, including the only major flush (23 on plot 
X) and this developed within 9 months. Growth was fast; in some places 
mortality was considerable, though a few usually survived. 

The only tree growing to reach 6in (150mm) g.b.h. during 1964-71 
was on a plot considerably damaged by the cyclone. Gmelina moluccana 
is present in all forest types but is nowhere common. The population 
structure is of a typical nomad, with a few individuals at each of many 
girths or in some places just a group of large individuals. Small trees 
are commonly growing in deep shade (crown exposure class 1) and big 
ones are uniformly well-illuminated. 

G. moluccana seedlings are widespread and occasionally gregarious 
amongst the initial colonists of large clearings. They have also been seen 


48 


in relict patches of forest left after logging where the top of the canopy 
has been left undisturbed. They have been noted to be more shade 
tolerant than seedlings of Endospermum medullosum (K. D. Marten, 
pers. comm.). 

Conclusions. G. moluccana is a species whose seedlings establish most 
frequently in gaps where they grow fast, but it does not colonise all gaps 
even in the vicinity of mature trees. It is a typical nomad Species 
(section 7.9) whose presence indicates the former existence of a large 
gap. Endospermum medullosum is similar, but commoner. 


7.88 Maranthes corymbosa (MARC) 


Fruit a thinly fleshy, curved-cylindrical drupe, to lin (25mm) long, 
ripening yellow-green; presumably dispersed by birds, and perhaps by 
bats. 

Seedling populations small to medium (20-60/acre, 48-144/ha), rarely 
large (60-240/acre, 144-576/ha; plot I) or rarely tiny (type III, Sandtly 
Harbour, plots II-IV). Recruitment is by infrequent, small, local flushes 
of 6-10/acre (14-24/ha), or occasionally of 30/acre (72/ha), and there 
was also one huge flush (plot I, 260/acre, 624/ha, cf. Parinari salomonen- 
sis). Sometimes death of up to half follows, but often of less. There is no 
consistent correlation between recruitment and cyclone damage of the 
canopy. Growth rate is usually slow, only occasionally fast. The size and 
structure of the populations fluctuated during the years of observation. 

M. corymbosa is one of the slowest growing of the twelve species 
(Table 7.2) with a mean rate of only 0.44in/yr (11mm). It is widespread 
although nowhere common; there are more trees on the north coast than 
the west and girth growth there is strongly correlated with crown form 
(Table 7.3). The populations on the different plots and forest types show 
a wide spread of girths with a slight preponderance of the smaller trees. 
The smallest classes are present in all types, even where the bigger ones 
are absent. Similarities in population structure between nearby plots 
(e.g. XVI, XVII and XVIII at Lodomae) no doubt reflect the growing up 
of one of the local flushes of seedlings mentioned above. Several bigger 
trees have extremely well illuminated crowns (exposure class 5), small 
trees are growing in conditions 1-3. 

M. corymbosa has not been observed colonising large clearings but is 
an occasional slow-growing constituent of the second stage forest which 
develops under Macaranga, etc. 

Conclusions. Seedlings are widespread and establish and grow in high 
forest rather than gaps; the populations are small, occasionally growth 
is fast. Seedling preferences and the predominance of small trees indicate 
that M. corymbosa is a species maintaining itself in high forests, albeit at 
low density. 


7.89 Parinari salomonensis (PARS) 

Fruit a thinly fleshy, ovoid drupe, to 1.3in (31mm) long, ripening 
orange with fawn warts; presumably dispersed by birds, and perhaps by 
bats. 

Seedling populations ubiquitous, of medium size (40, rarely reaching 
70/acre, 96-168/ha), occasionally only small (including two of the three 
Sandfly Harbour plots of the high elevation forest type III). Recruit- 
ment by rare, small flushes, and once by a flush of 50/acre, 120/ha (plot 
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I, cf. Maranthes corymbosa), usually followed by only a little death, but 
occasionally marked death to all sizes, decimating the population. No 
relationship observed between recruitment and canopy damage by the 
cyclone. Growth very slow, population structure almost static. 

P. salomonensis trees are common on nearly all plots and nearly every- 
where there is a marked preponderance of small trees. On the north 
coast there are markedly fewer very big trees and fewer stems over 5ft 
(1.5m) girth than on the west coast. The smallest trees are mostly grow- 
ing in deep shade (crown exposure class 1 predominates followed by 
class 2), larger trees are enjoying classes 3 and 4 illumination. 

P. salomonensis has not been observed colonising extensive clearings 
but is sometimes a common constituent of the second stage forest 
which develops under Macaranga, etc. 

Height growth was slow on the small observation plot in forest type I 
(Table 7.4). 

Conclusions Seedlings occur in high forest; recruitment is scant, 
growth is very slow and they are, in the main, very persistent. Popula- 
tions of trees everywhere have a preponderance of small sizes, P. salom- 
onensis is a common. widespread species which is maintaining itself in the 
high forest. 


7.810 Pometia pinnata (POMP) 

Fruits ovoid, to spherical, to lin (25mm) across, ripening red then 
black, wall leathery; indehiscent; with one seed, entirely enclosed in a 
fleshy aril; presumably dispersed by birds, and perhaps by bats. There 
are indications that seed viability is low (Forest Dept. trials, K. D. 
Marten, pers. comm.). 

Seedlings mostly on the north coast, populations small except in type 
V where they reach 35/acre (84/ha); on the west coast completely 
absent from the high altitude forest, type III, almost absent from type I, 
and restricted to two plots of type II (I, XXI). This distribution more or 
less mirrors that of the mature trees and is similar to that of Endosper- 
mum medullosum. Recruitment is by rare, small flushes of up to 14/acre 
(34/ha) and bears no relation to areas of cyclone-damaged canopy. 
Growth is very slow. Population structure remained more or less con- 
stant during the period of observation, loss by death was slight except 
on plots XVI and XVII where considerable death followed the cyclone. 

P. pinnata is the slowest growing of the twelve species with a mean 
rate of 0.40in/yr (10cm) (Table 7.2) and trees to 3ft girth were growing 
particularly slowly (Fig. 7.2). The north coast trees show a highly 
significant correlation between girth growth rate and crown form (Table 
7.3). 
Tree distribution is uneven and mainly northern. P. pinnata is quite 
absent from the high altitude west coast forest, type III, and com- 
monest in type V. Individual plots have a few trees of scattered girths, 
usually including some small ones; considering forest types and the 
species as a whole, small trees slightly predominate. Small trees occur in 
a wide range of conditions, many in deep shade (exposure classes 1, 2) 
but a few are well lit (class 4). 

P. pinnata has not been observed colonising large clearings. It is 
sometimes a constituent of second stage forests which develop under 
Macaranga, etc., and forest believed to have been disturbed by man 
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(e.g. Mt. Austen, Guadalcanal) where it may be very common, possibly 
mainly in such places near the coast or on coral-rich substrata. 

Conclusions. A species with poor powers of dispersal, and hence 
patchy distribution. Seedlings are able to establish in high forest, they 
are long persistent and slow growing. Recruitment of trees is probably 
not continuous, but there is no evidence that it is favoured by large 
gaps. Overall, the species is probably maintaining itself in high forest, 
though not always in the same places. There is some evidence that 
establishment is favoured by disturbance. 


7.811 Schizomeria serrata (SCHS) 


Fruit a roundish nut, 0.5in (13mm) across, with thick woody walls; 
presumably dispersed by birds. 

Seedling populations: on the west coast tiny in types I and II (1 or 
or fewer/acre), small in III (high altitude); on the north slightly com- 
moner, especially in type VI (high altitude: to 30/acre, 72/ha); the 
abundance of seedlings reflects the abundance of big trees within the 
plots. Recruitment on the west very little, on the north in infrequent 
flushes of up to 10/acre (24/ha), followed by considerable death. No 
correlation evident between recruitment and extent of cyclone damage to 
the canopy. Growth of the survivors rapid. 

S. serrata is an uncommon, slowly growing tree (Figs. 7.2, 7.3, Table 
7.2) which is distinctly commoner at high elevations. The overall picture 
is of a wide spread of girths with a slight preponderance of small size 
trees, though not all individual plots show this spread. Thus it re- 
sembles Maranthes corymbosa. Crown illumination is mostly low, with 
numerous small and medium girth trees in exposure class 1 only. 

S. serrata has not been observed colonising large clearings. It has been 
seen as a rare constituent of the second stage forests which develop 
under Macaranga, etc. 

Conclusions. S. serrata is a species with poor powers of dispersal. It 
is uncommon, maintaining its small populations in high forest by slow 
but continual recruitment. 


7.812 Terminalia calamansanai (TERC) 


Fruit a tiny nut with two big wings; presumably dispersed by wind. 
The maximum observed dispersal distance is about quarter of a mile 
(K. D. Marten, pers. comm.). 

Seedling populations patchy; small to huge; nearly all on the north 
coast where they are bigger at low altitudes; on the west coast restricted 
to the two plots (XXI, type II; IV, type III) with mature trees; mature 
trees are also present on all except one (XX) of the north coast plots. 
Recruitment by sporadic, medium to huge (40 or 840/acre: 96, 2016/ha) 
flushes, followed by rapid growth or, concomitantly, extensive death to 
many. Only one medium-sized flush followed the cyclone, 42 seedlings on 
plot XVII, type V, which had 100percent of the canopy damaged. 

Trees of T. calamansanai are of patchy distribution, the species is 
mostly on the north coast, but even there it is absent from some plots; 
on the west coast it is only common on plot XXI of type II. Population 
structure also differs between plots, and indicates intermittent recruit- 
ment of groups of trees. Crown illumination of small trees is very varied, 
and of big trees is uniformly good with exposure classes 4 and 5 com- 
monest. 
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T. calamansanai locally forms dense seedling carpets in large clearings, 
for instance at Lodomae after the cyclone. Competing growth commonly 
overtops it and shades it out so that few seedlings survive after six 
months. T. calamansanai can grow very fast in height and reach 20-30ft 
(6-10.5m) tall and 10-25in (254-635mm) girth in three years. (K. D. 
Marten, unpublished report.) It is the most impressive species for 
height growth in the first few years in Forest Department line planting 
afforestation schemes and is extensively planted. However, trees shorter 
than c. 40ft (12m) tall, planted on Santa Ysabel, were not wind firm to 
cyclone Ida (K. D. Marten, pers. comm.). 

Conclusions. Despite its winged fruits, dispersal appears to be poor, 
and periodically populations of seedlings develop which may be very 
dense and very large; rapid growth follows for those with good illumina- 
tion. The seedlings apparently cannot suspend growth and die if there is 
no space or inadequate light for continued rapid growth, Thus T. 
calamansanai maintains its presence by producing, mainly in the vicinity 
of mature trees, big flushes of seedlings, of which a few sometimes grow 
into trees if a canopy opening develops within a few months. It is 
entirely dependent on gaps for the growth of seedlings up into trees. 
It is much commoner on north Kolombangara than in any other Solo- 
mons' forest studied (chapter 2). In establishment behaviour and popu- 
lation structure it is a nomad species (section 7.9) but is an unusual one 
in its apparently inefficient dispersal. 


7.9 THE ECOLOGICAL STRATEGIES OF THE COMMON BIG TREE 
SPECIES SUMMARISED 


The observations of the previous section on various aspects of the 
behaviour of each of the twelve species is very tersely summarised in 
Table 7.6, inevitably with the omission of much detail. The species fall 
into four groups (a)-(d). 

(a) At the top of the table are four species Dillenia salomonensis, 
Maranthes corymbosa, Parinari salomonensis and Schizomeria serrata 
whose seedlings and trees establish in high forest. There is no evidence 
that gaps are necessary for recruitment or continuing growth in size. 
Their tree stand tables show a steady decrease in numbers with increas- 
ing size. These are typical ‘shade bearing’ species. It is noteworthy that 
three of them have the slowest mean girth growth rates (Table 7.2). 

(b) The next species, Calophyllum kajewskii, C. vitiense and Pometia 
pinnata also establish their seedlings in high forest, though there is some 
evidence that C. kajewskii seedlings can also establish and do well in 
gaps. This group differs from the first in that there is a lesser preponder- 
ance of the smallest sizes of tree and some evidence of trees growing up 
in gaps. It is concluded that this second group consists of species which, 
while they can establish their seedlings in high forest, depend for the 
completion of the life cycle on the occurrence of gaps. The small gaps 
which are continually forming from the death of single trees and which 
were not recorded in this survey are probably adequate. 

(c) The third group of species consists of Campnosperma brevipetiol- 
atum and Elaeocarpus sphaericus. As with the previous group, seedlings 
establish in high forest (and C. brevivetiolatum also in gaps). Stand 
tables show that tree recruitment is intermittent and of groups, which 
are sometimes large. These species are more dependent than the previous 
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TABLE 7.6 


Summary of behaviour, the twelve big tree’ species 


seedlings trees 
usual conditions for 
species dis- establishment population development 
& group persal! conditions size from seedlings distribution 
(a)  DILS? poor high forest medium high forest W only, 
common. 
MARC ? high forest small/med. high forest uncommon, 
N2W. 
PARS ? high forest medium high forest common 
everywhere, 
SCHS poor high forest small high forest N & W, esp. 
high altitude. 
(b) CALK poor high forest big/huge high forest common, all 
or small gaps or gaps types except 
VI. 
CALV good high forest small/med. high forest nearly all N. 
or gaps 
POMP poor high forest mostly high forest mainly N. 
or disturbed small possibly in 
small gaps 
(c) CAMB poor high forest mostly gaps common 
or gaps small WN. 
ELASP good high forest medium gaps uncommon, 
more on N. 
(d) TERC very high forest huge gaps patchy, 
poor but soon (ephemeral) mainly N. 
dying except 
in gaps 
ENDM poor mostly gaps medium gaps nearly all N. 
GMEM poor mostly gaps tiny gaps uncommon, 
W &N. 


1As judged from seedling distribution relative to big trees 
2For species abbreviations see appendix 1. 


group on gaps for the seedlings to grow up. C. brevipetiolatum has the 
fastest mean girth growth rate of all twelve species (Table 7.2). Young 
trees of both species grow very fast in height in the open. 

(d) The fourth and final group, Terminalia calamansanai, Endosper- 
mum medullosum and Gmelina moluccana, are species whose seedlings 
mostly establish in gaps (and those of T. calamansanai die in shade) and 
trees only grow up in gaps. They are uncommon in the forests surveyed, 
especially the western ones. Their girth growth is fairly fast (Table 7.2). 
All show very rapid early height growth in the open. 

Species with the characteristics of this final group are known from 
many countries. Their continued existence depends on the continuing 
development of suitable gaps. Such species have been called *biological 
nomads' by van Steenis (1958) because they are continually moving 
their sites. Van Steenis considered that nomad species could be sharply 
distinguished as a class from stationary species. In the Solomons, how- 
ever, they are seen to lie at the end of a series of species which require 
progressively more light, and also differ from each other in the efficiency of 
dispersal, the frequency with which they produce seedling flushes, the 


53 


size of such flushes and the persistence of the seedlings once established. 
It is thus an oversimplification to divide tree species into two sharp 
classes. This was also found by Schulz (1960 p.228) for Suriname trees, 
and was suggested first by Fosherg in a comment following van Steenis' 
1958 paper. Van Steenis and Schulz both consider seeds of nomad species 
require light for germination, no tests have yet been made on this require- 
ment in the Solomons. Nomads have 'pioneer' characteristics, and the 
concept is a valuable one. However, van Stcenis (1958 p.215) included 
amongst their features adaptations to survive fire and dry conditions, 
such as thick bark, underground lignotubers, etc., which seem, rather, to 
belong to a quite different category of species, namely those which 
persist in fire-maintained savanna woodland. His original concept thus 
needs some modification. 
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8. THE STATUS OF THE FOREST TYPES ON KOLOMBANGARA 


8. EVIDENCE FROM THE COMMON BIG TREE SPECIES 


Now that the different strategies adopted by the twelve common 
species for their continuing presence in the rain forest ecosystem have 
been analysed, chapter 7, we can go on to investigate the status of the 
six forest types by studying the extent to which the different species 
are present in each. 

The most common of the twelve species in the six forest types are as 
follows (chapter 2: see note on abbreviations, appendix 1). 


West coast : 
I DILS/CAMB/PARS+CALK 
Il CAMB/PARS/CALK /DILS 
III CAMB/DILS/EUG /PARS/SCHS 


North coast: 
IV CALK+CALV/CAMB/PARS/MARC + TERC 
V TERC/PARS/CALK /ENDM 
VI TERC/CALV /SCHS/PARS/ENDM 


Fig. 8.1 shows the location of the types. Types III and VI are furthest 
inland and at the highest elevation. 

The three west coast forests are very similar to each other. They 
contain big stands of Dillenia salomonensis and Parinari salomonensis 
(Fig. 7.3), shade bearing species which maintain themselves in high 
forest (Table 7.6). Schizomeria serrata, of similar biology, is one of the 
common species in type III, at higher elevation. Calophyllum kajewskii 
replaces S. serrata in types I and II as one of the four commonest of the 
twelve species, and is a species which can utilise gaps for both seedling 
establishment and growth up into trees, though not being tied to them. 
The one remaining of the twelve species which is very common in these 
west coast forests, Campnosperma brevipetiolatum, does need gaps for 
cngrowth of seedlings into trees. Its stands in forest types II and III have 
a big preponderance of the largest sizes (Fig. 7.3), whilst in type I there 
is also a stand of small trees. The other of the twelve species are repre- 
sented by only a scattering of trees. This mixture of the twelve species 
and the structure of their populations indicates that the west coast 
forests are high forest of long standing in which shade bearing species 
which reproduce in situ have come to predominate, along with some of 
those which sometimes grow up into trees in gaps. Furthermore, at some 
time or times in the past there has been a period or periods of the 
formation of gaps in all threc forests types into which Campnosperma 
brevipetiolatum trees grew up which have now attained large girths. In 
addition. there has been a more recent period of gap formation in type I in 
which a further group of C. brevipetiolatum trees, currently 6in-3ft 
(150-900mm) girth, has developed. The true nomad species, Endosper- 
mum medullosum, Gmelina moluccana and Terminalia calamansanai, 
which need gaps for seedling establishment as well as for tree formation, 
are rare in all three western forests, as is Elaeocarpus sphaericus which 
has similar requirements to C. brevipetiolatum. 

The north coast forests are more different from each other than the 
western ones. They all lack Dillenia salomonensis which is common 
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throughout the western types. The stand tables of type IV (Fig. 7.3) 
show that this type has very few stems over 5ft (1.5m) girth of the shade 
bearing species Calophylllum kajewskii, C. vitiense, Maranthes corymbosa, 
Parinari salomonensis, Pometia pinnata and Schizomeria serrata. Most of 
the big stems belong to species which are believed to require or to 
benefit from large gaps for the establishment of trees namely Campno- 
sperma brevipetiolatum, Elaeocarpus sphaericus, Endospermum medullo- 
sum, Gmelina moluccana and Terminalia calamansanai, Except for E. 
medullosum these also have small stems. Type V is similar to type IV 
(Fig. 7.3), though the relative abundance of the species differs. Type VI 
has, overall, fewer trees. Most trees over 5ft (1.5m) girth are of the three 
most light dependent ‘nomad’ species E. medullosum, G. moluccana and 
T. calamansanai, with smaller numbers of C. vitiense, Campnosperma 
brevipetiolatum, Elaeocarpus sphaericus. Maranthes corymbosa, Parinari 
salomonensis and Schizomeria serrata. 

The species composition and population structure of the north coast 
forests indicates widescale canopy destruction at some past time fol- 
lowed by the growth of light demanding trees which are now predominant 
amongst the stems over 5ft (1.5m) girth. Under these, stands of more 
shade bearing species have established themselves, presumably from 
seeds provided by a few big trees which survived the disturbance. Thus, 
currently, the shade bearers are present mainly as small trees. Most of 
the light demanding species also have a few small trees, including the 
nomads Gmelina moluccana and Terminalia calamansanai, but (except on 
VI) not the other nomad Endospermum medullosum (whose seedlings 
have been noted to be less shade tolerant); and this indicates more recent 
but lesser canopy disturbance. 


8.2 EVIDENCE FROM THE CLIMBERS AND EPIPHYTES 


Observations on the big woody climbers on a 13.3percent sample of 
the survey area, described in section 2.712, point to a history of more 
recent disturbance on the north than on the west. 

The species comprising this synusia are photophytes which colonise 
forest gaps. grow into the crowns of small trees, and grow up as these 
trees develop into high forest. 

The north coast forests have more climbers per acre, of more species 
and of smaller average girth than do the west coast forests. These latter 
forests can be regarded as, on average, to represent a later phase in the 
life of this climber synusia: many individual climbers have died out, 
including some species. and those which remain are of greater average 
girth. f 

The two synusiae of bole climbers and skiophytic epiphytes are better 
developed in the west forests than in the northern forests (section 2.73). 
The niche these synusiae occupy is at its largest in high forest and has 
been present longest. Again, as with the twelve big tree species, the 
implication is that the northern forests have a history of more recent 
extensive disturbance than do the western ones. 


°8.3 THE NATURE OF THE DISTURBANCE FACTOR 


The most likely cause of canopy damage is cyclones. There is evidence 
that these have increased in frequency in recent years to be comparable 
at present with such well known cyclone areas as Fiji and the Caribbean 
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(section 9.21); records were not kept until 1950, but the Solomons lie 
in a cyclone 'breeding ground' (section 4.1) and are likely always to 
have been occasionally hit. The pattern of destruction on Kolombangara 
by the November 1967 cyclone (Fig. 4.2, Table 6.2) shows that the north 
coast plots were much more severely damaged than those on the west 
coast, and the former, as has been shown, have signs of more extensive 
previous damage. The cyclone created gaps of different size and there 
was a considerable difference in the extent of damage between different 
forest types and different plots. Species of different ecological strategy 
can be expected to grow to fill the gaps of different size. In conclusion, 
previous cyclones could have caused a pattern of canopy damage from 
which the present day forests arose. 

There are other factors which have led to extensive damage to forest 
in the Solomons (Whitmore 1969). North Kolombangara is now un- 
inhabited except for a few tiny coastal settlements, but there was a much 
bigger population until the turn of the twentieth century when it was 
decimated in a civil war, and most or all of the few survivors fled (pers. 
comm. elders of Ire Ire village, 1964). The present-day populations of 
the west coast are related by marriage to those of the Roviana lagoon on 
New Georgia and may have come from there (K. D. Marten, pers. 
comm.). Regrowth since about 1900 on cultivated land could have given 
the present day northern forests both structurally and in terms of species 
and the big Gmelina moduccana trees could have been left standing at the 
time of occupation because of their value for dugout canoes. Earthquake 
shocks have led to trees snapping off over many acres in Vella Lavella 
(see Whitmore 1969, p.263), and cannot be ruled out for Kolombangara. 
The remaining widescale destructive factor, landslide, is unlikely to 
have operated in these forests except in those stands of each type on 
steep valley slopes, because lowland Kolombangara slopes only gently 
upwards. 


8.4 THE COMMON BIG TREE SPECIES REPRESENTATIVE 


Forest types were defined on the densities of 91 species, of which we 
have been considering only twelve. We have shown that the presence 
and density of these twelve in a particular forest type depends to an 
important extent on the magnitude of a disturbance factor, operating at 
various stages in the early life of the tree. This same factor can be ex- 
pected to be important for all or most tree species. Our findings from 
examination of only part of the species' complement are therefore likely 
to apply to the whole. 


8.5 THE DISTURBANCE FACTOR PRE-EMINENT 


The principal floristic difference, as elucidated by the numerical 
analyses. was between western and northern forest types. This difference, 
it now appears, results from regrowth of the forest after different 
degrees of canopy damage in the past. It can therefore be concluded 
that, on Kolombangara, the principal ecological factor operating on the 
lowland forests is that which causes canopy damage. Groups of species 
can be recognised with different ecological strategies adapted to take 
advantage of different degrees of canopy gap formation, and the magni- 
tude of the disturbance factor determines which group will come to 
predominate. 
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8.6 LESSER DIFFERENCES BETWEEN TYPES ANALYSED 


The phytosociological analyses also showed differences between the 
forest types in altitude and topography, in that order, and on the west 
coast the stands at Sandfly Harbour segregated out. These differences 
are less important than between the northern and western forests and 
reflect ecological factors of lesser importance than the disturbance 
factor. 

Individual species differ from each other in many facets of their 
ecological behaviour, and it is these differences which maintain the 
species diversity of the Kolombangara forests. The twelve common 
species fall roughly into groups on the nature of their response to light, 
i.e. to the disturbance factor (Table 7.6). Besides this, differences be- 
tween species can be seen in the three stages of life represented by 
dispersal, seedling establishment and growth of seedlings up into trees. 
These can be indicated, although their full investigation is beyond the 
scope of the present enquiry. Superimposed are differences in seed avail- 
ability, about which there is no information. 


8.61 Dispersal 


Several of the twelve species have patchy distribution and this is 
presumably due to poor powers of dispersal. 

Most striking is the distribution of Dillenia salomonensis, which, it 
will be recalled, is entirely absent from the north coast yet common on 
the west. 

Terminalia calamansanai is much commoner on the north coast than 
the west and has most seedlings growing near parent trees. 


8.62 Seedling establishment 


Schizomeria serrata is commoner in the forest types at high elevations 
and Calophyllum kajewskii at low ones. There is no consistent difference 
between tvpes in the extent of (unstable) hillside habitat, and it may be 
concluded that ecological factors connected with elevation are operating 
at the stage of seedling establishment. 


8.63 Onward growth of seedlings 


Several species have more widely distributed seedlings than trees. 

Calophyllum vitiense has ubiquitous seedlings, but trees are nearly 
all on the north coast whereas C. kajewskit, with equally widespread 
seedlings, has trees on most plots. 

Maranthes corymbosa and Parinari salomonensis have similar, wide- 
soread. small to medium-sized, seedling populations. P. salomonensis is 
much commoner as a tree. 

Elaeocarpus sphaericus, likewise, has seedlings much more wide- 
spread than trees. Seedlings of this species can stagnate for long periods 
under dense shade and grow up fast when a gap occurs above them. 

In none of these cases do we know, from only 6.6yr study, if, in the 
long term, Calophyllum vitiense, Maranthes corymbosa and Elaeocarpus 
svhaericus will become more common on Kolombangara. However, other 
forests in the western Solomons also have these species amongst the 
less common ones, and this indicates that Kolombangara is probably 
representative. Either these species are everywhere in the process of 
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becoming more common, or, alternatively, it is more likely that they are 
in equilibrium and failing in competition with other species to gain space 
to reach maturity, although successful in seedling establishment. The 
precise cause of failure remains unknown, and it is noteworthy that in two 
of the cases a closely related species is much more successful. It is 
possibly significant that in plantations Elaeocarpus sphaericus is very 
prone to insect damage (section 7.85), which indicates a factor which 
may be operating in the forest to keep its populations diffuse. 


8.7 STATUS OF THE FOREST TYPES 


In the three west coast forest types I-III, shade bearing species re- 
producing in situ are amongst the commonest of the big tree species, 
Campnosperma brevipetiolatum, which is dependent on gaps for tree 
establishment, is dying out of types II and III and will only maintain 
its numbers if a big enough gap develops to allow more trees to establish 
while there are still potential mother trees within dispersal range. This 
replenishment has happened in type I. C. brevipetiolatum can flower and 
set seed from about 30 years age onwards (K. D. Marten, pers. comm.). 

The north coast forests are less stable in composition, with big stands 
of trees of shade bearers still small in girth and coming up under light 
demanders which are mostly of large girth and are not, or are only just, 
maintaining their numbers. In the course of time, and if there is not 
further extensive canopy destruction, the shade bearers will come to 
predominate, the composition will become closer to that of the west 
coast forests, except that Dillenia salomonensis is absent. 

The balance between species with different ecological strategies with 
respect to canopy openings will alter if the disturbance factor is not 
the same in the future as it has been in the past, and, if disturbance 
becomes less, the north coast forests will come to resemble the west 
coast ones. 

In the three west coast forest types the same big tree species are 
common, but they occur in different proportions. Subtle differences 
between forest types, such as these, depend partly at least in differences 
in reproductive pressurc of the various species due to differences in the 
frequency of fruiting, efficiency of dispersal, success of germination and 
seedling establishment and ability of seedlings to grow up into trees. 
Some such differences have been indicated for the twelve common tree 
species. These factors can be expected to operate differently for the 
various species in different habitats at each of the stages in life just 
indicated. Altitude and topography are the two main habitat factors on 
Kolombangara. 

The potential complexity of response is enormous and increases with 
species richness. Thus we see why the elucidation of forest types in 
species rich tropical rain forest has proved such a daunting task, the 
more so in situations where there is not one overriding factor, repre- 
sented by canopy damage by cyclones on Kolombangara, to act as a 
major ecological determinant. 

The suggestion by Aubrévile (1938), which has become known as 
the mosaic theory, that the pattern of species in space is maintained by 
fluctuation at one placc in time, is seen to represent an over simplifica- 
nan of the mechanism whereby these forests in fact do maintain them- 
selves. 
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9. IMPLICATIONS FOR PRACTICAL FORESTRY 


The first purpose for making these studies was to provide a scientific 
background for practical forestry and the various ways in which they 
impinge on practical forestry are considered in turn in this chapter. 


9.] ANALYSIS OF FOREST SURVEY DATA 


In chapter 2 a résumé was given of the analysis of forest survey data 
by modern numerical methods of floristic analysis. 

Association analysis enabled a picture of variation in forest composi- 
tion to be constructed, and methods of this kind can be considered a 
valuable aid for this purpose. It is in the nature of plant communities 
everywhere that, where there are not sharp habitat boundaries, change in 
species composition is gradual, and this is most marked in species-rich 
communities. The analyses of Solomons' forest survey data revealed 
objectively which species are commonly associated, i.e. 'forest types', 
and these are real entities. The limitation was the different basis of 
different surveys and analyses and the fact that the Bangor group could 
not complete their work. From the view point of timber potential these 
rather species-poor forests fall into rather few types. 

Groups of stands at increasing levels of similarity are revealed by 
association analysis and similar techniques. An interesting possibility 
which has not yet been tested would be to map these on the survey lines, 
superimposed on aerial photographs of the survey area, and see at what 
level of the association parameter, and to what degree of exactitude, 
phototypes correlate with the floristic types revealed by the numerical 
analysis. The phototypes used by the Forest Department reflect the 
degree of canopy disturbance and the presence or absence of Campno- 
sperma brevipetiolatum. 

In the Solomons, where the rain forests are poorer in species than in 
many other places (section 2.6), a minimum survey girth of 3 or 4ft 
(0.9, 1.2m) and stands of 20 x Ichain (396 x 19.8m) was found to yield 
useful information on associations between species. With larger minimum 
girth (6ft was tried). or with bigger stands (e.g. 30 x Ichain, 594 x 
19.8), analysis gave less distinct forest types. This is firstly because 
fewer species commonly reach the largest sizes. Secondly, as the detailed 
Kolombangara survey showed, there are correlations between groups of 
species and topography. These correlations inevitably become progres- 
sively more blurred with increasing stand size which increases the topo- 
graphic heterogeneity of the stand, and this effect is especially marked 
on narrow transects. Unfortunately. smaller block sizes, of 10 x lchain 
(198 x 19.8m), selected to be homogeneous topographically, were found 
to yield an uninterpretable mass of small forest types. This presumably 
is because the number of stems included in such small blocks is too low 
to vield enough inter-species correlations for the method to work. 

It was not practicable to decrease the girth of stems measured so as 
to increase the density of sampling and enable a shorter length of the 
transect line to be utilised in the analysis because, in B.S.LP. as in all 
tropical forests. this increases enormously the number of species to be 
enumerated and rapid, accurate survey becomes impossible. 

A compromise was tried out on Vangunu where at intervals along the 
survey transect, enumerated in this case down to 3ft girth (900mm), 
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2chain (39.6m) lengths were enumerated down to lft (300mm). Un- 
fortunately details of the analysis of these data were never written up. 

Little progress was made with attempting to correlate different forest 
types revealed from forest survey transect data with different habitats. 
This was for two reasons. 

Firstly, a priori, long thin blocks, sections of a line transect only 
l-2chains (19.8-39.6m) wide and aligned to cut across the 'grain' of the 
country, are likely to be environmentally heterogeneous. The demands 
of forest survey for resource assessment make this kind of sample 
design highly attractive, and the alternative of compact blocks, much 
less so. 

Secondly, it proved impossible, in practice, to collect environmental 
data from these transects beyond notes on topography, drainage and 
altitude. 

There will always be a basic conflict of requirements, and the best 
solution probably lies in making two surveys, firstly, a wide ranging 
enumeration, based on transects with a minimum of environmental data 
(altitude, slope, presence of streams or swamps, etc.). Association analysis 
of these data should elucidate the broad correlations. This survey can 
then be followed by another, based on compact blocks on homogeneous 
sites, possibly sampled to a smaller girth, located in places indicated by 
the results of the first survey, and in which much fuller environmental 
data are collected. 

The work on Kolombangara was conducted along such lines. The 
analyses of these data (Greig-Smith et al. 1967) introduced the method, 
which has since been widely used, of following association analysis of the 
whole body of data with ordination of the homogeneous fractions 
thereby revealed. It is easier to investigate forest type/habitat correla- 
tions by ordination techniques than by those techniques of which 
association analysis is a representative. 


9.2 FACTORS AFFECTING FOREST COMPOSITION 


The detailed survey of Kolombangara was laid out to sample the 
range of lowland rain forest, as subjectively recognised. The plots 
ranged from sea level to 1400ft (420m) and covered the full variety of 
topographic sites at all elevations. 

Comparison with analyses of forest survey transect data from other 
islands showed that forests with the same common big tree species occur 
widely in the western Solomons, and that the Kolombangara west coast 
forests are particularly similar to others elsewhere. The north coast 
forests are unique in their abundance of Terminalia calamansanai and 
unusual in the complete absence of Dillenia salomonensis. 


9.21 Disturbance 


The most important ecological factor affecting forest composition was 
found to be disturbance, probably by cyclones, and this is likely to be 
generally the case throughout most of the Solomons. It has already 
been suggested that disturbance by wind, man, landslide or earthquake 
is a widespread and important ecological factor in the British Solomon 
Islands (Whitmore 1969). By contrast, the implication from forest 
surveys on Bougainville and Buka (north-western most islands of the 
archipelago and in the Australian mandate) is that there the disturbance 
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factor is less important. Information from the Shortland Islands, just 
south of Bougainville and within the British Protectorate, would be of 
great interest. Data on cyclones since 1952 show none which were as 
far north-west as the Shortlands (section 4.1). Waves caused by cyclone 
Ida of 1972 were recorded at Kieta on the east coast of Bougainville, the 
first known effect of a cyclone on that well populated region (K. D. 
Marten, pers. comm.). 

Sixteen cyclones have hit the British Solomons since 1952 (section 
4.1). None affected the whole chain of islands, nevertheless most islands 
(except the Shortlands) have been affected at least once and many 
several times; the maximum recorded frequency being four in the 
region of Nggela (where, however, observations are likely to be better 
than for most places). 

Baur (1964, pp. 26-8) in a perspicacious review of the effects of wind 
on tropical rain forests compiles average frequencies of 1 cyclone per 
7.2 years in Queensland over 72 years, 1 per 10 years in Puerto Rico 
since the time of European settlement and 1 per 11 years in Mauritius 
(89 years records). Gane (1970) has computed figures of 1 cyclone per 
6-20 years in Fiji, varying from place to place and depending on the 
definition used of a cyclone. 

It therefore now appears that the Solomons must be considered as 
one of the world's cyclone-affected areas, along with these other long- 
known regions, and, as Baur (1964, pp.28-9) so rightly says, in these 
places *. . . plantation forestry passes from the realms of normal silvi- 
cultural and economic problems to the state where the sheer statistical 
probability on the likelihood of cyclone damage becomes of overriding 
importance'. 

It had been pointed out (section 4.1) that the recent high frequency of 
cyclones in the Solomons can be interpreted against the changing world 
wide weather pattern. Further, frequency can be expected to increase 
somewhat to the 1980s and then remain about the same until around 
the turn of the century. 

It would be wise, therefore, to take the cyclone factor into con- 
sideration in planning reafforestation policy. If the forests of the Short- 
lands show, on investigation, not to have signs of cyclone-influence they 
would be a good area to consider for expensive investment in the longer 
term tree crops. 

On a local scale there is evidence from the study on Kolombangara 
that the areas most seriously damaged by the cyclone of November 1967 
were those which bear evidence of greatest earlier damage (section 8.3). 
There is slight evidence from Fiji and Australia of some places 
being more prone to cyclone damage than others (section 4.2). 
This might also be the case in the Solomons generally, though evidence 
is so far inadequate. It might though be advisable, if possible, to site 
forest plantations in places where the primary forest composition in- 
dicates minor past disturbance as, for instance, west Kolombangara. 

In the most strongly cyclone affected areas in Queensland 'climber 
towers’, trees draped in climbers, stand over a low uneven canopy 
(Webb 1958). Such a degree of disturbance is not widespread in the 
Solomons, which probably indicates that, at least until recently, cyclones 
have been less common here. 

Of the twelve common big tree species Campnosperma brevipetio- 
latum is the most prone to windfall at large sizes (section 7.54) though 
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young 7-8 year old trees in plantations on Santa Ysabel survived cyclone 
Ida of June 1972. With Terminalia calamansanai, which is much less 
prone at large sizes, C. brevipetiolatum is the most promising tree for 
reafforestation projects. It would perhaps be prudent to make further 
investigation to see at what girth C. brevipetiolatum becomes seriously 
liable to wind damage by cyclone, as this has obvious relevance in 
management planning. 

It is also to be noted that Wadsworth & Englerth (1959) in analysing 
the effects of a 1956 cyclone on the forests of Puetro Rico found that 
pure, even-age stands of trees suffered either heavy damage or no 
damage, and that previous heavy thinning increased susceptibility. By 
contrast, mixed age stands suffered selective damage, the emergent trees 
being worst hit. They also found substantial differences between species 
in susceptibility. 


9.22 Elevation 


The second most important ecological factor on Kolombangara was 
elevation above sea level. On both the west and north coasts a distinct 
higher elevation forest type occurs which is also furthest inland. Valley, 
slope and ridge crest sites were sampled at all elevations, and all forest 
types occur on all these relief types. It will probably be wise to plan 
regeneration and plantation work with this difference with altitude in 
mind. 

The sample plots on Kolombangara ranged from near sea level to 
1400ft (420m). Increasing rainfall inland might be important as a dif- 
ferentiating factor. For example, forest type III on the west coast was 
particularly rich in epiphytes. Kolombangara island has the second 
highest group of peaks in the British Solomons and change with 
elevation, if it is dependent on rainfall, might be more marked here than 
elsewhere. 


9.3 OBSERVATIONS ON GROWTH RATES 
9.3] Differences between periods 


An important conclusion from examination of the growth rates of all 
measured stems on forest subtypes, types and groups of types (section 
6.2) is that there are substantial differences between periods, even in 
the monotonously wet climate of the western Solomons. It was shown 
that these differences are unlikely to be due to systematic errors in 
measurement. They could not be correlated with differences in mean 
monthly rainfall. The implication is that extrapolation of growth rate 
from short periods of measurement is unwise; and this may well be the 
case outside the Solomons as well as within. 


9.32 On variability 


It is widely recognised that individual trees in tropical forest differ 
widely in their growth rate. Figures from Australia and Africa are re- 
viewed by Baur (1964); and Lee (1967) gives data for Malaya showing 
substantial variation between same age stems in a stand of Dryobalanops 
aromatica. 

It was at one time believed that much of such variation could be 
ascribed to differences in crown form and exposure (Dawkins 1958 e.g. 
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para. 94). Later, this was found not to be so (Dawkins 1963). And little 
success was achieved with correlating differences in girth to crown factors 
on Kolombangara (section 7.52). 

The drastic canopy damage caused by the cyclone made little demon- 
strable difference to tree growth rates (section 6.3). 

Both these results are facets of a growing recognition, as computer- 
analyses of tree performance continue, that individual trees have sub- 
stantial differences in growth rate and in growth response to site and 
crown factors. Moreover, the response of an individual can change with 
time (Mervart 1970). These differences mask attempts to draw up sig- 
nificant correlations. Even quite drastic silvicultural canopy manipulation 
may fail to result in significant changes in performances (Dawkins 
1963). The prescriptions of natural forest silviculture need to be formu- 
lated bearing in mind that only the boldest differences in treatment are 
likely to produce significantly different results. 


9.33 Comparisons with elsewhere 

In view of the cautions expressed in the previous section, it is clear 
that generalisations about growth rates of the different species have only 
limited value. 

Table 7.2 gives a single figure for each of the twelve common big tree 
species growing in the closed forests of Kolombangara. The range is 
from Campnosperma brevipetiolatum growing at 0.96in girth/annum 
(24.4mm) down to Pometia pinnata growing at 0.40in girth/annum 
(10mm). With the exception of P. pinnata, the relatively more light- 
demanding species are all in the upper part of the list and the shade 
bearers are in the lower half. 

Variation of girth growth with size, especially the increase with size 
at small girths discussed in section 7.51, is a common phenomenon 
(Baur 1964). 

The range of rates of these twelve Solomons' species is within the 
range of a group of west African timber species growing in very old, 
closed, secondary forest (Keay 1961, and in Baur, 1964), though well 
below the fastest species in the African forest, namely Triplochiton 
scleroxylon (Sterculiaceae) a nomad species (Keay, 1963) which was 
growing at 1.7in girth/annum at lft girth and 3.9in at 6ft (43mm at 
0.3m and 99mm at 1.8m). 

Cousens (1958, appendix V) gives a list of nineteen species or groups 
which in Malaya are capable of exceeding a mean annual girth increment 
of 1.5in (37mm)/year (though unlikely to exceed 2.0in (51mm)), and 
notes that ‘over shorter periods and under optimum conditions practic- 
ally all of these species have been shown to be capable of over 3in 
(76mm)'. The list includes most of the light red meranti group of Shorea, 
Endospermum malaccense and Campnosperma auriculatum which latter 
are very closely related to E. medullosum and C. brevipetiolatum re- 
spectively. 

Growth rates on Kolombangara give a measure of species performance 
in high forest and perhaps resemble, especially on the north coast, what 
can be expected late in the growth of a forest regenerated with minimal 
silvicultural treatment. The more light-demanding species have grown 
much faster than this in the first few years of life, both when naturally 
growing in extensive clearings and when planted in cleared lines in 
logged forest (cf. section 7.8). It is to be expected that the spectacular 
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growth rates recorded for selected trees, especially Campnosperma 
brevipetiolatum and Terminalia calamansanai, are above the average 
values. The slow height growth rates measured for small trees in small 
gaps in the detailed ecological survey (section 7.7) show how much 
competition for light and between roots can depress growth rate. 

The dangers of extrapolating growth rates from measurements made 
over a short period or to trees in different circumstances are strongly 
evident from the work on Kolombangara. There are as yet few data 
available to show that the early rapid growth of line-planted trees will 
be maintained and will not fall back to the rates recorded for high 
forest on Kolombangara. 


9.4 RECOMMENDATIONS FOR FUTURE WORK 
9.41 The plots to be maintained 


The status of the forest types on Kolombangara is based on conclusions 
about the ecology of the twelve common big tree species. The con- 
clusions are themselves based on changes in populations observed over 
6.6yr. A 9ft. (2.7m) girth rain forest tree which has grown at lin girth/ 
year (25mm) is over a century old, and most big trees in the Solomons 
are growing much slower than this. It is clear that the inferences made 
in this report need to be verified by observations made over a longer 
period. 

It is suggested that increased understanding of tropical rain forest 
ecology will result from intensive observations made over long periods, 
not by the accumulation of more observations of the kind made by brief 
visiting expeditions, on which so much present generalisation is still 
based. Two small areas of primary rain forest in Malaya totalling 10acres 
(4.2ha) have been under observation between 1947-1949 and 1970-71. 
There is a need for more such areas. 

It is therafore recommended that the plots of the detailed Kolom- 
bangara survey should be maintained and the tree populations of the 
twelve common species be kept under continuing but infrequent obser- 
vation. 

In practice this means about two weeks' work to maintain the plot 
boundary posts and the tree number tags, probably once every three 
years (K. D. Marten, pers. comm.). At each visit the trees should be 
measured for girth, deaths recorded and new trees grown over 6in 
(150mm) added to the list. For analysis, measurements every five years 
or so would suffice; but more frequently obtained figures are highly 
desirable so that the inevitable mistakes can be detected and corrected. 

In the course of time some of the plots are likely to be felled for 
timber. 


9.42 Case for a nature reserve 


Pressure on natural ecosystems is increasing all the time throughout 
the world. The natural forests of the Asia-Pacific region have been under 
particularly heavy pressure over the last decade. For example, virtually 
the entire remaining area of lowland rain forest in Malaya is now com- 
mitted for lumbering; huge areas of Kalimantan have been let out on 
logging concessions; logging has commenced in Celebes; great interest 
is being shown in the timber resources of Papua-New Guinea; and in 
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the British Solomon Islands hardwood log exports grew nearly ten-fold 
in the six years 1964-70 from 880,000 cu ft to 8,000,000 (25,000- 
230,000m*). 

Predictions of future demand are leading to the establishment of new 
tree crops of only a few species; the ecosystem is being simplified. 
There is a very strong scientific case for the retention of adequate 
representative samples of primitive rain forest in which the full diver- 
sity of the natural ecosystem is left undisturbed. Such areas act as a 
control against which managed forests and other uses of the land can 
be measured and as a reservoir of plant and animal species, at the lowest 
level to be available to the potential use of future generations of man. 
Kolombangara happens to be particularly important. I have visited all 
the larger and quite a few of the smaller British Solomon Islands and 
explored the forest on them. I have climbed several mountains. Kolom- 
bangara Island is unique amongst all these places in having an unbroken 
sweep of uninhabited natural forest from near the shore line to the 
highest peak. Here we have the. complete range of forest types from the 
lowland tropical rain forest to the upper montane ‘elfin woodland’ or 
‘mossy forest’. Everywhere else I have found cultivation, in several cases 
up the ridges to within a few hundred feet of the summit. This full range 
ot forests provides a full range of habitats for animal life. We can see in 
5600ft (1680m) a zonation which takes 10,000ft (3,000m) on the 
mountains of big land masses like for instance New Guinea and South 
America. The lowland forests themselves show a series of forest types 
some of which are widespread in the lowlands of the archipelago. 

I should like to argue strongly for a corridor of forest from the shore- 
line inland to be declared a nature reserve. The corridor should ideally 
be several miles wide so that its central part will be climatically un- 
disturbed, and hence the forest remain the same and the habitats of the 
animals unaltered. The forests of commercial interest on Kolombangara 
are up to c.1500-2000ft (450-600m) altitude only. The island has a 
diameter of c.18miles, and c.7miles (29km, llkm) in the middle includ- 
ing the crater and its rim are not likely to be felled. I think that in 
addition to the coastal corridor the whole central part of the island 
should be declared a nature reserve as soon as possible. 

The nature reserve should include as many of the ecological survey 
plots as practicable. It should follow a contour line around the central 
cone at the upper limit of commercially valuable forest, i.e. at about 
1500-2000ft (450-600m) with a downwards extension on the north east 
along the ridge next north of Shoulder Hill, so as to include the upper 
plots lying there and the archaeological sites nearby. The corridor to 
the coast, which will be the only place where lowland forest is conserved 
from logging, would be best situated on the west coast whose forest 
composition is representative of much of the western Solomons, and 
should if possible include either the plots inland from Sandfly Harbour 
or those inland from Merusu Cove. Finally, the upper part of the Beacon 
Hill range in the south west should be included because of its archaeo- 
logical interest (section 2.1). The different rock type of this range, its 
rather rugged relief and its past extensive human disturbance make it 
less suitable than anywhere else as the corridor of lowland virgin forest. 
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10. GENERAL CONCLUSIONS 


Besides providing ecological data as a background for forest practice, 
considered in chapter 9, the more general objective of these studies was 
to make a contribution to our understanding of two much-discussed and 
related problems of the ecology of tropical rain forest. These are, firstly, 
whether distinct communities (‘forest types’) exist within species-rich 
climax rain forest on mesic sites, and, if this is so, the extent to which 
they are linked to habitat. The second problem is the mode by which 
this forest perpetuates itself, and especially whether the composition at 
one place fluctuates in time, from generation to generation. 


10.1 FOREST TYPES 


Modern methods of numerical analysis have enabled us to recognise 
distinct forest types on Kolombangara of different floristic composition. 
The occurrence on 3 x lchain (59.4 x 19.8m) stands of 91 of the 172 
spp > lft girth (0.3m) were utilised for this analysis. Five of the six 
types comprise floristically similar stands. The sixth type comprises a 
group of dissimilar stands which all occur at low elevations near Sandfly 
Harbour (see Fig. 7 in Greig-Smith et al. 1967). 

The analysis arranged the types in two dissimilar groups, of three 
types each, occurring on the north and west coasts respectively. This 
confirmed the impression of variation gained in the forest and from 
inspection of the survey data. Within each group one type was restricted 
to the higher elevations. 

Further numerical analysis showed a clear correlation between floristic 
composition and topography within the five floristically similar types. 
Such correlations with the environment had been looked for in the 
forest but not detected. 

No correlation was found between forest types and soil but data were 
scanty, being restricted to only one pit per five stands. 

The dependent synusiae of epiphytes and climbers were not utilised in 
defining the forest types. It is interesting, therefore, that differences 
were found in the size, number and species of big woody climber 
between the two major groups, the northern and western forests. Further, 
forest type III differed from all other types in its abundance of epiphytes 
and contained large numbers of several epiphyte species not seen else- 
where, 

In summary, forest types were recognised in the mesic lowland rain 
forest climax vegetation of Kolombangara. They fall into two major 
alliances which had previously been detected by subjective means. There 
are variations with altitude and topography which field observation had 
failed to reveal. Certain differences in climbers and epiphytes correlate 
with the forest types. 

Forest type II, the only one which is a collection of disparate floristic 
groups, is worth further examination. This forest type encompasses the 
western stands lying at low elevations at Sandfly Harbour. The high 
elevation stands at Sandfly Harbour form a very distinct type (IIT). The 
other low elevation west coast stands form type I and are at Merusu 
Cove. 

In both types I and II Campnosperma brevipetiolatum is common and 
in both there is a large group of big trees. Type I differs from type II in 
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also having a group of small trees. The interpretation has been made that 
type I has more recently suffered canopy damage and that the small C. 
brevipetiolatum grew up into the gaps formed thereby. 

The methodology of the numerical floristic analyses used, depends on 
the association between a group of tree species being repeated so that 
different stands are floristically similar and thereby can be grouped. 
This will commonly occur, for example, if only a limited number of 
species is able to succeed because of particular ecological factors acting 
as unifying influences, as it were ‘sieving’ from the total flora that com- 
ponent able to succeed under their influence. 

In the absence of a unifying factor and in a region with a rich flora 
in which there occur numerous species of similar ecological amplitude, 
the species which are represented by mature trees at a particular place 
and time are likely to depend to an important degree on the series oí 
chances connected with flowering, fruiting, seed-set, dispersal, germina- 
tion, seedling establishment and finally ongrowth of seedlings and when 
that occurred. This being the case, it is probable that different species 
groupings will exist from place to place. 

It is suggested that on Kolombangara major environmental factors 
have selected the groups of species which are recognisable as the five 
floristically homogeneous forest types and that in type II these factors of 
chance are more important. 

The environmental factors have been identified as firstly disturbance, 
whose impact has been more recent and extensive on the north coast, 
defining types IV-VI; and secondly altitude, which sets types HI and VI 
apart. Further, within the west coast forests there is evidence of more 
recent disturbance in type I than in type II. The longer time type II has 
been free of major disturbance receives independent corroboration from 
the abundance of crown epiphytes on one component plot (section 2.72). - 

'The greater floristic difference between the component stands of type 
II than the others is therefore seen to result from the lack of a suffi- 
ciently strong unifving environmental factor. Forest regeneration has 
occurred here of species whose presence at the time when an opportunity 
occurred to grow into the canopy has depended on a series of chance 
factors. This has resulted in small, floristically different, blocks growing 
together in a patchwork or mosaic-like manner. 


10.2 PERPETUATION OF THE FOREST 


The forest types have been used as the starting point for an enquiry 
into the dynamics of the Kolombangara forests. 

The twelve common big tree species have been shown to have different 
ecological strategies which ensure their perpetuation. The most important 
differences between them lie in their response to gaps in the high forest 
canopy. Four groups have been recognised showing an increasing de- 
pendence on canopy gaps (Table 7.6). 

Differences were detected between the forest types in the proportions 
in them of the four species groups. Principally, the north coast forests 
differ from those on the west coast in containing more of the species 
which require gaps to perpetuate themselves. From this it was concluded 
that the north coast has a history of more extensive canopy disturbance, 
within the life time of the trees at present forming the high canopy. 
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Within ihe low elevation west coast forests, type I is believed to differ 
from type IJ in having received canopy damage more recently. 

Thus the prime ecological factor determining differences between types 
is disturbance. The Solomons are now known to lie in a cyclone belt and 
cyclones are probably the disturbance factor. 

The perpetuation of the forest types depends on the disturbance factor 
acting in the future as it has done to establish the present composition. 
The 1967 cyclone caused more severe canopy damage to types believed to 
have arisen after severe disturbance. This suggests that successive cyc- 
lones might follow more or less the same path. If they do the forest 
types of Kolombangara are probably being perpetuated more or less as 
they exist today. 

More subtle differences between and within forest types were detected, 
correlating variation in species composition with altitude and topographic 
situation. Differences were seen between the twelve big tree species 
between types in behaviour at the stages of seed dispersal, seedling 
establishment and growth of seedlings up into trees. Such differences, 
and doubtless others undetected by the present survey, must contribute 
to the variation between forest types. 

The forest type least affected by disturbance had the greatest floristic 
heterogeneity. It was suggested that here, in the absence of the major 
ecological factor of disturbance, chance factors were important in de- 
termining which species regenerated at any particular spot. 

The Solomon Islands have a flora similar to that of Malesia but much 
poorer in species. In a richer flora more varied responses could be ex- 
pected between species, to canopy gaps and other factors, at the various 
stages of regeneration. 

Moreover, cyclones are an ecological factor of over-riding importance 
on Kolombangara and probably over much of the Solomons archipelago. 

It follows that, in a region with a richer flora and without a single 
predominant ecological factor, variation within lowland rain forest is 
likely to be less clearly defined and even more complex than on Kolom- 
bangara; and chance can be expected to play a greater role. 

Finally, the mosaic or cyclical theory of regeneration (Aubréville 1938), 
which postulates that variation in space is due to different groups of 
species succeeding each other in any one place, is seen, even for these 
species-poor Solomons’ forests, to be an oversimplification. Schulz has al- 
ready demonstrated that it cannot be applied in Suriname (Schulz 1960, 
pp.228-9) and Jones (1955-6) was unable to find species groups showing 
mosaic regeneration in Nigeria. 


10.3 MODES OF VARIATION IN TROPICAL RAIN FOREST . 


Now that the forest types have been described for a sample of the 
lowland rain forest on Kolombangara and the role of environment and 
chance in their perpetuation has been at least crudely delineated, it is 
instructive to make a comparison with observations on variation within 
other lowland rain forests. 

The more conspicuous species groups in the forests of the lowland 
humid tropics have long been recognised, and are correlated with very 
distinct habitats. One can recognise, for example, series of forest types 
away from the mesic, lowland rain forest in progressively drier condi- 
tions and another series in sites of increasing wetness. Such were well 
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described by Beard (1944) for northern South America and the frame- 
work was used by Richards (1952) in the more general context. Other 
distinctive forest types occur on limestone, very sandy sites and over 
ultrabasic rocks. Major differences in soil are concomitant with these 
distinct habitats (cf. Lee 1969). 

The nature of the variation within the dryland, mesic, lowland rain 
forest has proved more difficult to unravel. The detailed survey of Kolom- 
bangara was an attempt to elucidate this problem for forests representa- 
tive of the western Solomons, and in recent years there have also been 
several studies elsewhere. The problem has an important practical aspect 
in that foresters need to know whether the whole of this very extensive 
forest type is to be treated as a single plant community, or whether 
discrete units exist. Where rain forest is destined to be cleared for agri- 
cultural development a similar problem arises. The problem has also 
interested those ecologists who are concerned with the nature of plant 
communities, for a résumé see Richards (1963). 

It now appears that factors which underlie variation within climax 
lowland rain forest can be arranged roughly into a hierarchy of diminish- 
ing importance headed by external disturbance and followed by topo- 
graphy, dispersal behaviour of the species and variation correlated with 
soil. The last of these only becomes manifest in the absence of the other 
two. 


10.31 External disturbance 

The forests on Kolombangara are divided into two groups primarily 
on the magnitude of the disturbance factor, as has been described, and 
this factor, overrides the others. The forests of west Kolombangara, 
where disturbance has been patchy, seem comparable to the forests of 
the coastal plain of Venezuela as described by Rollet (1969) who con- 
cluded, from a comparison of patches of regeneration with the surround- 
ing forest, that permanent local modification can occur (i.e. for at least 
one generation). The rain forests of Nigeria, which are believed to be 
typical of those of much of west Africa, seem entirely to represent a late 
stage in succession from extensive disturbance, which was partly due to 
man and probably partly due to wind (Jones 1955, 1956, Keay 1961, 
Redhead 1968). The west African forests afford close parallels with 
these forests of north Kolombangara, in that the biggest trees are light 
demanders being replaced by shade bearers of lower commercial value. 
(In the Solomons the light demander Campnosperma brevipetiolatum 
is more valuable than any of the common big tree shade bearers Dillenia 
salomonensis, Maranthes corymbosa, Parinari salomonensis and Schizo- 
meria serrata). However, in West Africa it is believed the developing 
forest will be poorer in big tree species, which is not the case on Kolom- 
bangara. The extensive ‘storm forests’ of Kelantan in Malaya are further 
examples where the overriding disturbance factor has operated, and 
damage to areas of a few acres by freak high winds results in growth of 
stands of nomad species (e.g. Endospermum malaccense), though, overall, 
the Malayan forest is little influenced by this factor (Browne 1949, 
Wyatt-Smith 1954, Cousens 1965). 


10.32 Variation with topography 


Variation in composition within lowland rain forest correlated with 
topography has now been clearly demonstrated in several forests in the 
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Far East. Such variation was detected within the forest types on 
Kolombangara but only by numerical community analysis. It was sub- 
jectively clear at Brunei-Andulau and has been confirmed by modern 
numerical methods of analysis (Ashton 1964, Austin, Ashton & Greig- 
Smith 1972). The same is the case at Sabah-Sepilok (Nicholson 1965, 
Austin & Greig-Smith 1968). Variation with elevation at Brunei-Belalong 
is more clearly classified by such methods (Ashton 1964, Austin et al. 
1972) than by eye. The same is the case at Malaya-Jenka (Poore 1964, 
1968) where the forests of incised water courses are the most distinct 
segregate. 


10.33 Variation due to dispersal behaviour 


The third kind of variation has now been detected in several places 
where the forest on the study area was unaffected or little affected by the 
two external factors of disturbance and topography just considered. 

At Malaya-Pasoh (Wong & Whitmore 1970) sample plots were de- 
liberately selected to be topographically as homogeneous as possible. 
They varied considerably in soil. Unexpectedly, forest variation did not 
correlate with the soil differences, but could to a large extent be related 
to the distribution pattern of the species of Dipterocarpaceae present in 
the area, which in itself could be interpreted as resulting from their 
reproducing themselves only a short distance from mother trees. Several 
Dipterocarpaceae at Malaya-Jenka (Poore 1968) and Sabah-Sepilok 
(Nicholson 1965) also showed distinct patterns which were similarly 
interpreted. 

At Pasoh and Jenka some or all of the pattern of species distribution 
on the ground was thus more strongly correlated with an intrinsic re- 
productive factor than external environmental factors. P. F. Burgess 
(unpublished) finds from extensive studies on dipterocarp regeneration 
in Malayan lowland rain forest that seedling populations are virtually 
restricted to within 4chains of parent trees. On Kolombangara the re- 
production of Terminalia calamansanai seems similar (section 8.61) and 
the restriction of Dillenia salomonensis to the west coast forests is an 
example of the same phenomenon, 

These are examples where 'reproductive pressure' of particular species 
due to a continual supply of seeds from nearby mother trees results in 
patchiness. The forests in Malaya with Dryobalanops aromatica show 
'reproductive pressure' on a much wider scale. This species reproduces 
more frequently than other Dipterocarpaceae (which flower freely only 
every 3-5 years) thus seedlings are more numerous, they persist well 
under shade and respond quickly when a gap forms. It follows that D. 
aromatica tends to become the main or only top canopy species (Lee 
1967). Much, however, remains to be discovered about what limits its 
range. 

Schulz (1960 pp. 228-9) concluded, from intensive studies of a 
number of Suriname forests, that although there are a few nomad species, 
the large majority of canopy species are adequately represented by all 
sizes, suggesting that they are reproducing continuously and maintaining 
the existing proportions in the population, and he found (pp.226-7) that, 
on the whole, the seeds of most species are dispersed in quantity for 
very short distances only, resulting in concentrations of seedlings around 
parent trees. He demonstrated the importance of site for a few species, 
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and believed it might exist for a number of others, but considered chance 
regeneration to play an important role (p.237). 


10.34 Soil 


Variation in soil is usually correlated with topographic variation. At 
Malaya-Pasoh where soil varied without topography its importance as a 
determinant of species composition was completely masked by the third 
factor. Austin et al. (1972) have recently shown, from what is probably 
the most detailed study yet attempted, that at Brunei-Andulau floristic 
variations between some of the alluvial valley floor stands are more 
related to ill-defined soil gradients than to chance and opportunity of 
establishment. Unfortunately the soil gradients could not be completely 
identified even though all the usual physical and chemical factors were 
measured. 

Elsewhere Schulz was able to show that the distribution of two com- 
mon timber trees is apparently edaphically determined in the Mapane 
forest, Suriname, but it is not clear if topography also differed (Schulz 
1960, pp.236-7). On a wider scale the finding that tree species frequency, 
expressed as stems per unit area, differs between igneous and sedimentary 
rocks in Malaya—Ulu Kelantan (Whitmore 1973b) may to some degree 
depend on soil differences per se, for example depth and texture, though 
topographic differences are likely also to be important. It is interesting 
that Vincent (1960) found that differences in height attained by Shorea 
leprosula on different geological substrata in Malaya, were of the same 
magnitude or smaller than differences between different sample sites and 
between hilly and flat land. 

The relative importance of variation due to dispersal behaviour and 
soil gradients is likely to vary from place to place. At this most subtle 
level of variation, which is the lowest in our hierarchy, plot layout and 
sampling intensity is likely to colour the results. Further, Austin & 
Greig-Smith (1968) have shown that the results obtained from species- 
rich lowland rain forest is very sensitive to the method of analysis used. 
For example, the plots at Brunei-Andulau lay along a dendroid stream 
system and the interlying ridges (Ashton 1964, Fig. 1), and their layout 
militates against the detection of family groups of trees in this case. 
The sampling intensity at Pasoh was low, and as Wong & Whitmore 
(1970) emphasised, the analyses only picked out the most prominent 
cause of variation, without ruling out others. Further investigation of 
these subtle causes of variation within mesic climax rain forest is clearly 
caen for, with very carefully designed sampling and analytical proce- 

ures. 


10.35 Temperate forests 


Finally, one may add to these examples of variation within tropical 
lowland rain forest two instances from North America where, in mixed 
species, temperate, deciduous forest, similar factors have been shown to 
operate. In the upper peninsula of Michigan, Graham (1941) concluded 
that the ultimate climax forest, of a group of shade bearing species, 
would never be attained over extensive areas because of disruptive 
factors continually setting back the succession. Auclair & Cottam (1971) 
have recently concluded that in the forests of southern Wisconsin re- 
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placement of stands of different floristic composition is not orderly and 
predictable but irregular and depends on the chances of dispersal and 
local catastrophe. In particular Prunus serotina is an opportunist species 
which has been favoured by fragmentation and disturbance of the forest 
and is in places ousting other species. 


10.36 Variation summarised 


It can therefore be seen that variation from place to place in climax 
tropical lowland rain forest, which has for so long intrigued and chal- 
lenged ecologists, is not open to any single or simple explanation. Rather, 
it is due to a complex interplay of extrinsic and intrinsic factors, which 
are not unique to the tropics and which have to be resolved individually 
for any particular forest. 
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APPENDIX 1 


A note on abbreviation of species names 


Species names and authorities in this report follow Whitmore (1966). 


In some instances the names of species which receive repeated mention 
are given in the standard abbreviated form used by the British Solomon 
Islands Forestry Department, see Whitmore (1966), as follows: 


CALK 
CALV 
CAL 

CAMB 


y MW Wow y on ou n wu won Hn on m d 


Calophyllum kajewskii A. C. Smith 
Calophyllum vitiense Turrill 

CALK 4- CALV 

Campnosperma brevipetiolatum Volkens 
Dillenia salomonensis (C. T. White) Hoogl. 
Elaeocarpus sphaericus (Gaertn.) K. Schum. 
Endospermum medullosum L. S. Smith 
Eugenia spp. 

Gmelina moluccana (Bl.) Backer 
Maranthes corymbosa Bl. 

PARS + MARC 

Parinari salomonensis C. T. White 
Pometia pinnata Forst. 

Schizomeria serrata (Hochr.) Hochr. 
Terminalia calamansanai (Blnco.) Rolfe 
Teysmanniodendron ahernianum Bakh. 
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Fig. 2.1. Kolombangara Island. Lines of the Evans' survey shown and plots of the 
detailed survey. together with the percentage damage caused to them by cyclone 
Annie. Prominent peaks shown. 
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Fig. 2.2. Association Analysis of 134 stands of Evans's survey. 
Lines sampled in the subsequent detailed survey in italics. 
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Fig. 2.3. A facies of the mature phase of the widespread west coast 
CAL/CAMB/DILS/PAR forest on Kolombangara cf. Fig. 2.4. 
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Fig. 2.7. Species richness in mixed-species tropical forests. 


Single blocks. 
Several non-contiguous blocks added. Lines connect block or groups 
of blocks which lie near together. 


Amazon (in Ashton 1964). 

Brunei (Ashton 1964). 

Kolombangara. 

Guyana (in Richards 1952). 

Malaya (Wyatt-Smith 1966, Cousens 1951). 
Mauritius (in Richards 1952). 

Nigeria (in Richards 1952). 

New Guinea (Paijmans 1970). 

Sabah (Austin and Greig-Smith 1968). 
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Fig. 2.8. Mean girth per subplot of the big woody climbers, separated by forest types. 
© means of types I-III; x means of types IV-VI. 
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Fig. 4.1. The western Solomons showing track of cyclone Annie. 
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Fig. 7.1.  Seedling populations of Campnosperma brevipetiolatum 1964-71. 


For each plot seedlings per lft (0.3m) height class are shown for each of the 

five times of observation. After the plot number the percentage of its canopy area 

damaged by the 1967 cyclone (c) and the number of stems > 6in. (150mm) girth 
present in 1964 are shown. 
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Mean growth rate 1964-71 and stem numbers per lft girth class of 
twelve big tree species. For species abbreviations see Appendix 1. 
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Fig. 7.3. Stem numbers per forest type of the twelve big tree species. Total number 

of trees of each species shown; clear part of histograms is stems lost at cyclone (but 

ignoring plot XVIII which could not be located after the cyclone). For species 
abbreviations see Appendix 1. 
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Fig. 8.1. Kolombangara showing distribution of forest types. 


